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FRUGALITY AND THE FOUNDING OF 

FERMILAB, 1960-72l 

“Money and effort that would go into an overly conservative design might 

better be used elsewhere.... A major component that works reliably 

right off the bat is, in one sense, a failure it is over-designed.” Robert 

Wilson 

1 Introduction 

Fermi National Accelerator Laboratory (Fermilab) was born in the 19GOs, at just 

the time when President Lyndon B. Johnson was lecturing his White House staff 

a.bout reducing electricity bills as the U.S. economy strained under the burden of the 

Vietnam ww. Like other large, federally sponsored projects, Fermilab was molded 

by the financial constraints of the time. The disparity between the stringent limding 

environment and the unprecedented expense of the new facility made the traditional 

standard of reliability in building particle accelerators give way to an ideology that 

celebrated taking risks for the sake of economy and stressed the small, the modest, 

and the underdesigned.* 

Robert R. Wilson, Fermilab’s first director, had worked at the Radiation Lab- 

oratory in Berkeley during the 1930s and at Los Alamos during World War II. At 

Cornell in the 195Os, he developed his own cost-effective means of building accelera- 

tors, combining elements of the research and machine building tradition that Ernest 
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Lawrence established in Berkeley with the methodology developed under J. Robert 

Oppenheimer for the wartime atomic bomb project. Fermilab’s early years reflected 

the merging of these earlier traditions. All three drew on a quintessentially American 

cultural idiom: the pioneer, that rugged individual with a zeal for conquering the 

unknown using native force and enduring perserverence. 

2 FUNDING AND THE PLANNING YEARS- 
1960-1967 

2.1 Genesis of the Proposal, 1960-1964 

Enthusiasm and confidence in the high energy physics community, bred in part by 

the bounteous funding and physics breakthroughs of the 195Os, was perrolat,ing by 

the early 1960s into plans for new accelerators of unprecedented energy and expense.” 

Several ideas for machines in the several 100 GeV range emerged. Matthew Sands 

of the California Institute of Technology (Caltech) g enerated the first such plan at a 

1959 summer study sponsored by the M’d 1 western Universities Association (MURA).4 

At this meeting MURA physicists challenged colleagues to design an economically fea- 

sible fixed-target machine (300 GeV) capable of producing the same energy at the 

point of collision as their proposed colliding-beam machine, the Fixed Field Alt.ernat- 

ing Gradient Synchrotron (FFAG).5 Most physicists at this time felt that colliding 

beam machines were the only practical route to high energies, since the principle of 

-4lternating Gradient, or “strong” focusing, put forth in 1952 at Brookhaven National 
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Laboratory (BNL) by M. Stanley Livingston, Ernest Courant and IIartland Snyder, 

had not yet been demonstrated.6 

Sands took up the MURA group’s challenge and designed a fix&target 100 to 300 

GeV pulsed strong focusing synchrotron consisting of several accelerators. Higher en 

ergy was to be achieved by cascading accelerated beam from one machine into another: 

a linear accelerator (“linac”) would inject protons into a “booster” synchrotron, which 

in turn would send the protons into a larger synchrotron of relatively small magnet 

aperture.’ Sands estimated that building this several hundred GeV machine would 

cost “of the same order” as a 10 GeV FFAG accelerator.’ 

In collaboration with Caltech colleagues Alvin Tollestrup and Robert Walker, 

Sands worked further on the design of the 300 GeV proton accelerator. In September 

1960 they estimated the cascade machine would cost $77 million. Since the project 

was too expensive for Caltech alone, the Caltech group joined in January 1961 with 

groups from several other California Universities the University of Ca,lifornin, Los 

Angeles, the University of California, La Jolla (now San Diego) and the University 

of Southern California to form the Western Accelerator Group (WAG). In April, 

WAG submitted a proposal to the Atomic Energy Commission (AEC) for $593,000 

to support a fifteen-month study of the design for the new proton synchrotron. 

By this time, the Alternating Gradient Synchrotron (AGS) at Brookhaven Na- 

tional Laboratory (BNL) and the Proton Synchrotron (PS) a,t CERN, the Euro- 

pean h,igh-energy laboratory in Geneva, had proved the feasibility of strong focusing. 
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This demonstration spurred plans for large strong focusing synchrotrons at both the 

Lawrence Radiation Laboratory (LRL) and at Brookhaven. In April 1961, LRL direc- 

tor Edwin McMillan submitted a proposal to the AEC to design a machine in the 200 

GeV range. Berkeley’s design study, estimated for $3 million for a two-year period, 

was five times more expensive than WAG’s A Brookhaven group under John Blew&t 

also began to prepare a preliminary design study for the U.S. part of a two-nation 

study for an international accelerator in the 300-1000 GeV range.‘O 

The expense of the accelerator proposals put these three groups in a competition, 

which favored Berkeley and Brookhaven, even though WAG had prepared the most 

complete, innovative, and cost-effective proposal. Berkeley had a long, glorious acccl- 

erator building tradition dating from 1930, when Lawrence and his graduate student 

Livingston built the first successful cyclotron. Wxtime contacts and successful post- 

war lobbying by the founders of both LBL and Brookhaven had brought generous 

AEC funding allotments to these labs since the late 1940s.” As a, result. accelerator 

building at T,RL and Brookhaven had evolved from an amateur activity plied by small 

groups of physicists to a highly specialized profession practiced by experts adept in 

methodically solving technological problems and producing reliable machines. The 

Berkeley and Brookhaven teams were the uncontested elite in the building of large 

accelerators. Unsure of Caltech support and convinced they couldn’t compete aga,inst 

the elite accelerator builders, WAG representatives decided in late 1961 to drop their 

proposa,l.” 
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Berkeley’s believed that its claim to the 200 GeV machine superceded 

Brookhaven’s. They argued that, since in the 1950s LRL and BNL had alternated 

in building the largest machines and BNL had recently completed the 30.GeV AGS, 

LRL should have the next turn. is After negotiations with both the AEC and LRL, 

BNL representatives agreed in early 1962 to continue the policy of alternating large 

accelerator projects with LRL. With the understanding t,hat they would submit a 

proposal for a 1000 GeV accelerator for the longer term future, BNL withdrew from 

the competition for an accelerator in the 200 GeV range.“’ 

Having triumphed over Brookhaven and WAG, the LRL proposal still faced com- 

petition from other accelerator projects vying for AEC support. Following the prece- 

clent set by the National Science Foundation (NSF) in the 1950s the AEC convened 

a panel of prominent physicists with experience in making science policy to evaluate 

all t,he proposals. ‘5 Early in December 1962 this panel, headed by Norman Itarnsey 

of Barvard, began to consider proposals, including t,he LRL 200 BeV proposal, as it 

was known iu the vernacular of the time, the BNL proposal for a, 1000 GeV machine, 

a,ncl MURA’s proposal for the 12.5 GeV high-intensity FFAG.‘s In the end, on 26 

April 1963, the panel recommended that the AEC authorize the 200 BeV design pro- 

posal and that BNL design a 600 to 1000 GeV range accelerator. It gave MURA’s 

FFAG only conditional approval, specifying that the project be continued “without 

permitting this to delay the steps toward higher energy.“i7 

In the parlance of advisory committees, such conclitional support meant lack of 
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support; as Ramsey later admitted, the recommendationwa,~ MURA’s “kiss of death.” 

Despite AEC attempts to save the FFAG and the fervent lobbying of Midwestern 

physicists and politicians, who were convinced that the Midwest was being deprived 

of its fair share of research funding, Johnson decided in early 1964 to cut the MURA 

proposal from his budget. The AEC approved the LRL and BNL proposals and both 

were added to the President’s budget without cornplaint.‘8 

Early planning for the 300 GeV Super Proton Synchrotron (SPS) at CERN re- 

flects a less efficient decision making process. As the CERN historians reveal, serious 

discussion about CERN’s 300 GeV machine began just after the CERN Proton Syn- 

chroton (PS) began operation in 1960, about the same time discussions about 200 to 

300 GeV machines began at BNL and LRL. However in Europe momentum for plan- 

ning the new machine was slowed because CERN physicists lacked managerial and 

long-term planning skills and were reluctant to request funding for a, new accelerator 

before the resexch potential of the PS had b een more thoroughly exploited. In the 

early 196Os, planning proceeded at a slow pace for an “ideal” program, which included 

the SPS, considered top priority, and two intersecting storage rings (ISR) to be added 

to the PS. In 1964, when the problem of high accelerator costs and limited budgets for 

xcelerators became apparent in Europe, simultaneous construct,ion of both projects 

proved financially impossible. Since physicists followed “the decision-making process 

more episodically and from a greater distance” than machine builders, who wished to 

build the technologically more interesting ISR, th e c once between the two projects h 
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was not made on the basis of scientific priorities. As a result, CERN administrators 

and financial authorties decided to first build the less expensive ISR, delaying plans 

for the SPS.” 

The funding of LRL’s 200 BeV design proposal continued a tradition that had 

predominated in the U.S. during the 1950s. But MURA discontent along with bud- 

getary and political pressures would soon force the 200 BeV supporters to search their 

repertoire for a new approach to building large accelerators. An alternate approach 

had, in fact, already taken root during the 1950s at smaller institutions where builders 

struggled to compete with fewer resources. It celebrated risk taking in the interest 

of cost-effective innovation and continued the prewar practice of building accclera- 

tars on a shoestring budget. Elements of this alternate approach were present in 

MURA’s FFAG proposal, which included innovations such as colliding beams and ra- 

diofrequency beam manipulation, in the accelerator building effort at, Cornel,l, where 

Wilson completed a series of innovative electron synchrot.rons under budget, ad in 

WAG’s proposal for the 300 GeV machine. This more cost-effective tradition became 

increa,singly appealing as the 1960s wore on. 

2.2 New Management and Siting Plans, 1964-mid-1965 

Growing concern in the early 1960s over the social value of research and the role of 

scientists in policy making prompted close scrutiny of science funding by a number of 

Congressioual committees. At the same time, the rising cost of high energy physics 



bred complaints from those working in other fields. In a 1963 .hlinerun article, Alvin 

Weinberg of Oak Ridge presented a method for assessing the relative value of scientific 

programs; he rated high energy physics poorly. Such sentiment focused public atten- 

tion on the funding of high energy physics and heightened Congressional skepticism 

about the value of supporting expensive accelerator projects.“’ 

In the meantime, physicists grew concerned about management of the new lab- 

oratory. IJp to this time, accelerators had been associated either with individual 

universities or (as in the case of Brookhaven) with a regional consortium of universi- 

ties. However, by the mid-1960s, the government expected luge projects, for example, 

ASTRA, an orbiting t&scope project built by National Air and Space Association 

(NASA), to serve a national community of users. ‘l Seaborg noted in 1964 that the 

Stanford Linear Accelerator (SLAC), which had been funded in 1960 as a single- 

university facility, was “the last of its kind.” Although in theory McMillan supportctl 

the idea of equitable accelerator access, in pm&ice he found it difficult to devise a 

management, scheme that would satisfy the demands of active experimentalistsl such 

as Columbia’s Leon Lederman, who insisted that the new facility should be a “Truly 

National Laboratory” (TNL), one “accessible as (1 right to any physicist bearing a 

competit,ively acceptable proposal.“22 

Severe anti-Berkeley sentiment had been prompted by LRL’s practice of favoring 

inside users in apportioning accelerator time, a practice begun in the 193Os, when 

Lawrence granted requests for accelemtor time from researchers at other institutions 
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only on an invitational basis. MURA physicists, who were bitterly disappointed 

after the demise of the FFAG, forcefully endorsed the argument for outside user 

rights and fair allocation of resources. Lederman and others serving on an AEC- 

sponsored advisory committee insisted that the new laboratory be managcd by a 

corporation with nationwide representation. However McMillan vehemently opposed 

such a plan.23 

Amid complaints about the rising cost of high energy physics, tensions arising 

from MURA’s defeat, and the pressure for equitable accelerator access, Frederick 

Seitz, President of the National Academy of Sciences (NAS), worried that contin- 

ued bickering between McMillan and his advisory committee would doom funding 

prospects for the new 200 GeV machine. When McMillan and his advisory commit- 

tee were una,ble to agree upon a management scheme after a year of negotiation, Seitz 

invited 25 university presidents, AEC Chairmat <&ml Seaborg. and other federal of- 

ficials to a January 1965 meeting to cast plans for the new laboratory. While LRL 

was finishing the technical design for the new accelerator, this NSF group organized a 

new nationally ba,sed management organization, later called the Universities Research 

Association (URA), modeled on the Associated Universilies Incorporated (AUI), the 

consortium of Northeastern universities that ran Brookhaven. At the same time, the 

AEC organized a site selection contest, collecting over 126 proposals recommending 

200 sites.“’ 

By mid-1965, Berkeley’s prospects for the future were not nearly as bright as they 
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had been two years earlier. The realization that only one large accelerator could be 

built had fueled the movement for outside user rights and killed the MURA proposal. 

Furthermore, resulting tensions had led to the formation of URA and the site selection 

contest. 

2.3 Berkeley’s Design and Its Critics, June 1965-January 
1966 

In June 1965, as site proposals were flooding the AEC, Berkeley presented its prelimi- 

nary design for the new machine. For an unprecedented $348 million, they proposed a 

machine with an intensity of 3 x lOI protons per pulse that would accelerate protons 

to 200 GeV in four stages, from a Cockcroft-LValton preinjector, into an Alvarez-type 

linear accelerator, then to a rapid-cycling injector synchrotron, and finally through 

the main synchrotron.*5 

Although favoring the California site chosen by Berkeley, the design report men- 

tioned that the facility would “be a national facility open to all on the basis of 

the scientific merit of the experiments proposed.” The designers estimated that “ap- 

proximately 70% of the experimental program” would be conducted “by visitors and 

30% by the resident staff.” LRL also appeared willing to cooperate with the URA. 

But in most other ways the design reflected a vision congruent with Berkeley’s grand 

tradition of the 1950s. For example, the design called for extensive experimental 

areas and costly large C-shaped magnets set, on substantial girders. ils the report 

itself aptly summarized, the design wss “basically conservative” aimed at ensuring 
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“reliable performance, rapid construction, and predictable costs.“26 

Within a few months, the Berkeley design fell victim to heavy objection. Wilson 

wrote McNIillan that, although details were “most professionally worked out,” the 

design was “much too conservative,” and “lacking in imagination.” In addition, it 

had been made “without enough regard for economic factors.” He noted that “as 

someone who helped disassemble radios for parts in the old days at the Radiation 

Laboratory,” he was ‘Loffended” by the Berkeley cost estimate, which he characterized 

as “ridiculously high.” Wilson worried that such an inflated price tag would both kill 

the 200 BeV project and endanger the future of the 600-1000 GeV machine.27 

In an attached paper, “Some Proton Synchrotrons, 100-1000 GeV,” Wilson pro- 

posed a rough alternate design consistent with his philosophy of modest accelerator 

designing. He urged that all components be kept %imple and understandable.” For 

example, he featured H-shaped magnets, which were smaller and therefore less cx- 

pensive than C-shaped magnets. The paper announced: “There is no reason to have 

fancy cranes, etc., nor should the tunnel be too comfortable on the few occasions 

when one might have access to it.” Spartan guidelines also applied to the design 

of experimental facilities and research equipment. The estimate for components of 

the 200 GeV was only $70 million. With research equipment and shielding, Wilson’s 

proposed machine totaled “less than 100 million dollars,” with completion in only 3 

JWUS.28 

However, in debates over the Berkeley design at two meetings held in January 1966, 
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Berkeley’s tradition triumphed. Both Seitz and Seaborg were opposed to alternate 

proposals, which t,hey feared would divert the course of the 200 BeV project.*” 

2.4 Construction Funding and Selection of Director, mid- 
1965-mid-1967 

As the debate over the Berkeley design emerged in mid-1965, President Johnson, 

faced with the expenses of the escalating Vietnam war and costly Great Society 

programs, began to stress frugality. The AEC, NASA, and other federal agencies 

felt the squeeze. Al just this point, the AEC faced the task of obtaining the first 

allotment of construction funding for the new accelerator. Although Berkeley had 

lost its bid to manage the new facility, in early 1966 the California laboratory still 

hoped that it,s site would be chosen for the accelerator. Over the next year, LRL 

would completely lose hold of the project.30 

The 200 BeV proposal was too expensive to avoid attent,ion as the funding en- 

vironment grew more austere. The Bureau of the Budget (BOB), the watch-dog of 

the executive branch budget, pressured the AEC to pare down its accelerator project,. 

Thus, in December 1965 the Commission reluctantly asked LRL to estimate the cost 

of a scaled clown accelerator. Within the same month, the LRL design group presented 

two alternate schemes. In one, the injector would produce one tenth the intensity; in 

the other the radiofrequency and magnet power supply systems would have a reduced 

repetition rate. The estimated reductions were $88 million for the first scheme and 

$84 million for the second. In both, economy was achieved by reducing capability.“’ 
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Site selection then took center stage as a fierce contest erupted for community 

prestige and economic benefits. Seitz and Seaborg arranged for the AEC and NAS to 

collaborate in evaluating the large number of site proposals. In September 1965, after 

President Johnson, a Texan, intervened in favor of a site in A&in, Texas, the AEC 

forwarded a list with 85 sites to the NAS Site Evaluation Committee. In March 1966, 

the NAS committee submitted a list of six finalist sites to the AEC Commissioners, 

who would chose the winner. The list included the California site and Brookhaven; the 

latter had lost hope of building the 1000 GeV accelerator in light of the tightening 

budget. The other sites were Ann Arbor, Michigan; Denver, Colorado; Madison, 

Wisconsin; and two Illinois sites South Barrington and Weston.32 

For the first time, political considerations outside the physics community were a 

factor in planning an accelerator. Local response to the site contest reached a near 

frenzy as citizens groups and politicians lobbied for each site, showering the AK with 

telegrams, letters, and ,petitions. Midwestern politicians pushed particululy hard 

since MURA’s defeated FFAG proposal had become a cause c&bre for those lobbying 

for equitable geographical distribution of federal research funds. Ironically, Illinois, 

which had the strongest Congressional support according to an AEC tally, was forced 

to withdraw the South Barrington site due to local opposition. More t,rouble came 

for Illinois in late June 1966, when Seaborg received a letter from Clarence Mitchell, 

director of the Washington Bureau of the National Association for the Advancement 

of Colored People (NAACP), complaining that Illinois had not passed legislation to 
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enforce open occupancy laws and had a history of housing cliscrimination. In response, 

the AEC mounted an extensive campaign to ensure civil-rights compliance at finalist 

sites, a move that prolonged the contest until late 1966.33 

The highly publicized site contest actually increased the funding prospects by 

gaining large-scale political support for the project. However, this advantage did not 

come without cost. Many physicists found the public spectacle distasteful and the 

loss of control disturbing, especially since many felt that the site of t,his one-of-a- 

kind facility would be an important factor in its success. The cont,est also increased 

divisiveness within the physics community, since physicists tended to rally behind re- 

gional proposals. Since funding prospects could be compromised if the entire physics 

community did not support the expensive project, AEC Commissioners could not ig- 

nore pressures inside the physics community any more than they c~ould ignore external 

pressures. Faced with the combined pressure for a Midwestern accelerator from politi- 

cians and physicists and the push for outside users rights, the Commissioners chose 

the Illinois Weston site on December 7, 1966. The commissioners remember that they 

were concerned about the civil-rights problem, but ultimately decided that Weston’s 

advantages, including easy accessibility, more than offset this disadvantage.3” 

In the midst of vigorous complaint from the NAACP and politicians who had 

championed losing sites, planning proceeded for the new laboratory. In late Decem- 

ber 1966 the UR.4 received a temporary contract from the AEC and offered the job 

of design director of the accelerator to the logical candidate Edward Lofgrcn, head 
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of t,he LRL design team. Bowever in January Lofgren declined the post, objecting 

to his job description, which seemed to preclude directing the completed laboratory, 

and expressing doubt that he could assemble the necessary staff in Illinois “and de- 

velop an organization having the enthusiasm and spirit needed to make the project a 

distinguished success.“s5 

Now the URA was in a tight spot. In just amonth, the Joint Committeeon Atomic 

Energy (JCAE) would hear testimony at the annual AEC budget hearing to decide 

whether to authorize the first allocation of construction funding. The federal budget 

was more stringent than ever and criticism was mounting over the site decision. At 

this sensitive moment the project could ill-afford to have another candidate refuse 

the directorship. 

At this juncture, Wilson was unexpectedly available because he finished a 10 GeV 

elect.ron synchrotron at Cornell ahead of schedule. Wilson, who had a well established 

reputat.ion as an accelerator builder, had constructed the Cornell project on budget 

a,ncl was willing to take on the 200 GeV project given budgetary constraints. After 

some deliberation, the URA approached Wilson about the position of Laboratory 

Director, making it clear this time that the position included overall responsibility 

for the labora,tory.3” 

At lirst the AK Commissioners were unenthusiastic about the choice of Wilson, 

remembering with irritation his 1965 criticism of the Berkeley design. His risky 

cost-cutting approach to accelerator building was diametrically opposed to the more 
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conservative and careful LRL style of the 195Os, which had suited an era of financial 

ease. The commissioners questioned whether the physics community, and LRL in 

particular, would accept Wilson’s appointment. According to Ramsey, then URA 

president, although most of the LRL team had been angry at Wilson since 1965 and 

refused to work with him, most physicists outside the Berkeley circle favored the 

appointment.3’ 

Seaborg next organized a series of meetings. At a decisive conference on February 

14, Lofgren estimated that the accelerator would cost $53 million more to build at 

Weston than at the California site. An AEC representative countered that the Corn- 

mission expected only a $5 million cost difference. Ramsey interceded to stress that 

cooperation was necessary to win the machine. It was finally agreed that the project’s 

first task would be to produce both an updated design and thorough cost, estimates. 

Terms were negotiated for a transition from California to Illinois that allowed contin 

ued, though limited, LRL participation. Later that day, Seaborg, Gerald Tape, and 

Ramsey took Wilson to meet California Representatives Chester Holificld and Craig 

Hosmer, and their fellow JCAE member Melvin Price, a,n Illinois Congressma~n. Tape 

felt that by the end of the meeting Wilson had “made a hit with them.” This was the 

beginning of a convivial relationship between the JCAE and Wilson, the laboratory 

director committed to cutting costs3s 

In between these negotiations, the ABC faced the JCAE m authorization hearings 

which were to shape the future Congressional expectations of the new laboratory. To 
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blunt accusations from Mitchell of the NAACP, who charged that the Commission 

had been insensitive to civil rights violations, and from New York and California 

Congressmen who insisted that the decision was unfair, the AEC made a point-by- 

point analysis of the site selection process, emphasizing that the decision had been 

made on the basis of established criteria. The AEC’s case would have been seriously 

weakened if LRL leaders had released their estimate of the cost difference for building 

at Weston. However, when Lofgren and McMillan appeared before the subcommittee, 

they limited negative comments to vague warnings about the necessit,y of proceeding 

with caution. Thanks to behind-the-scenes meetings between the LRL leaders and 

the AEC, the physics community publicly displayed unified support for the project 

at a time when divisiveness could have crippled funding prospects.39 

The AEC was also able to turn the discussion on reduced scope to the advarrtage of 

t.he project. Although John Pastore, recently appointed JCAE chairman and Senator 

from Rhode Island, and Hosmer sharply criticized the plan, JCAE member William 

Bates of Massachusetts pointed to CERN plans for the 300 CeV machine and asked 

why the U.S. was “settling on a second-rate” accelerator. Bates’ question gave the 

AEC the perfect opportunity to bridge the gap between JCAE expectat~ions and 

BOB restrictions by touting the idea of a machine that could later be expanded to 

reach higher energies. With an expandable machine, the JCAE could feel they were 

getting the accelerator they originally promoted and the AEC could still keep within 

the $250 million budget set by BOB. Although LRL designers had considered idea,s 

17 



for expandability since 1964 and were about to publish a well-honed expandability 

scheme, the idea now became associated with Wilson, since the Commissioners had 

just introduced him to the JCAE and were stressing his willingness to apply innovative 

ideas and produce an expandable machine within stringent budget limitations.40 

The tireless efforts of the AEC and URA paid off. Although Pastore suggested 

that the project be deferred because of the lack of open housing in Illinois, the JCAE 

recommended in June that $7 million of the $10 million requested be authorized to 

begin construction. Congress eventually passed the bill to Johnson, who signed it 

into law on July 26, 1967. In granting the $7 million, the federal government made a 

commitment to build the new laboratory. In return, Congress expected an expandable 

machine for $250 million. For the first time since World War II frugality would shape 

the technical decision making of a major national laboratory.4’ 

3 CONSTRUCTION OF THE MAIN RING 

3.1 Adventures at Oak Brook: The Initial Wilson Design, 
summer 1967-early 1968 

In 1967, a 200 GeV-range accelerator could be achieved without any major advance in 

accelerator technology. Wilson’s challenges were of a different sort. Many physicists 

questioned whether an expandable 200 GeV accelerator could be built for $250 million. 

The disappointed LRL designers, as well as other expert,s, were pessimistic about 

Wilson’s ability to succeed at his difficult task because of his lack of experience 



in building large proton synchrotrons and his reputation for taking risks. In this 

atmosphere of budgetary constraint and skepticism, Wilson had to assemble a team 

and build the world’s largest synchrotron at a site many considered unappealing. He 

accomplished the latter task using an approach previously employed only for smaller 

machines. This style was particularly evident in building the main ring, our focus in 

the following discussion. The main ring is the largest, most expensive component, 

and it marks the success of the machine, since protons are accelerat~ed there la,st. 

Wilson, a sculpter as well as a physicist, began designing a,11 accelerator by sketch- 

ing and then holding in his mind an image of the whole machine. As he recently 

explained: “Most professionals,” for example the expert builders at Berkeley and 

Brookhaven in the 196Os, “divide the work into parts and then sit down and do a 

professional job on each part.” This tactic made as little sense to Wilson as creating 

the sculpture of a human head by parsing out the design of the eyes, the foreheacl, and 

lhe nose, and then sticking the parts together. Wilson felt that good design required 

developing each part to enhance the development of every other part. Wilson also 

tried to keel) his design fluid, so that innovative ideas could be incorporated.“2 

Whereas the elite at LRL and BNL saw accelerator building as a profession best 

practiced by experts, Wilson thought accelerat,ors should be built by research physi- 

cists. In his opinion, physicists “could design things that would be much prettier, 

sparser, and cheaper than the things the professionals would design” because they 

were more likely to focus their attention on research goals rather than technologically 
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impressive innovations. Wilson criticized the orderly, highly specialized LRL de- 

sign effort, which in his opinion had been overtaken by “engineering types.” CERN 

provided an even sharper contrast than LRL or BNL to Wilson’s ideal accelerator 

building environment. As the CERN historians explain, since engineers at CERN at 

this time had the only available expertise with large scale equipment, the were often 

“the ‘real bosses’ of the laboratory.” Since their predominant professional concern 

was engineering innovation, not physics ‘Yhey remained cletachecl from t.he urgency 

of research and the needs growing from it.“43 

Beginning his accelerator design work in the same spirit as a painter preparing 

a large canvas, he drew a number of circles on a map of the site to find the largest 

possible diameter. He considered accelerating protons to 200 GeV as having been 

“Berkeley’s job from the beginning I wa,s thinking about 1000 GeV.“14 However, 

Wilson clid not relinquish the ideal of frugality, so prominent, in his 1965 design. 

Whereas the LRL expzmclability scheme callecl for leaving out a substantial fraction 

of the magnets, which woul,d later be inserted to reach 400 GeV, Wilson planned to 

incorporate expanclability into the initial design by using magnets capable of being 

ramped up to higher fields so that the same ring could later reach at least 400 GeV.45 

Since more than a thousand magnets would be needecl in the main ring to carry 

out this initial plan, and since magnet costs consume a large part, of any accelerator’s 

buclget, Wilson’s expandability scheme forced designers to conceive of innovative ways 

to achieve maximum capability at minimal cost, a demand that drove the entire 
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construction effort.46 

To encourage creativity, Wilson went out of his way to choose attractive quarters 

for the summer 1967 design effort, which could not be held on the Weston site because 

the land was not yet available. The environment at the rented offices at Oak Brook, 

a western suburb of Chicago, reflected the open-ended quality of the design discus- 

sions, for the quarters were not yet finished and were totally open ~- without walls, 

partitions, furniture, nothing but an expanse of tile floor reaching to the windows 

with their panoramic view of Illinois farmland ten floors below. Accelerator designers 

came to the workshop from all over the country, including Berkeley a,nd Brookhaven. 

The length of visits varied, with about 25 participants present at a time. To encour- 

age a research-oriented atmosphere, Wilson convinced Robert Serber, a prominent 

theoretician, to give lectures on relevant theoretical topics, a service he had also per- 

formed in the 1940s in the midst of the design of the atomic bomb at Los Alamos 

a,nd the design of a,ccrlerators at Berkeley. To emphasize tha.t the laboratory would 

serve the entire national community of high energy physicists, Wilson named the new 

facility the National Accelerator Laboratory (NAL).47 

The designing proceeded with a speed reminiscent of that at the Radiation Lab- 

oratory in the 1930s and at wartime Los Alamos. For Wilson, speed encouraged 

creativity and also saved personnel costs. As a result, major ,features of the main ring 

emerged in the first weeks at Oak Brook. In late July, about a month into the summer 

study, Wilson froze these features, so the ring could be completed, as scheduled, by 
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early 1%8.“* 

Brookhaven physicist Gordon Danby brought to Oak Brook a “separated function” 

design for the main ring magnets, a design that used different cheaper .-- magnets for 

bending than for focusing the beam. *’ Although the LRL designers had earlier rejected 

Danby’s suggestion, the decision to use a separated function design for the main ring 

was made at Oak Brook “almost without discussion,” since the designers realized that 

for a large synchrotron this approach would allow achieving higher magnet fields.“O 

Casting for ways to achieve the highest field while reducing the size of the main 

ring bending magnets, Wilson hit upon the idea of modifying a conventional “window 

frame” coil construction by fitting added coil into the unoccupied space on either side 

of the poles where the radiation level is high and the potential radiation damage to 

insulation is substantial. This design therefore risked radiation damage of the coil 

at the expense of cont,aining the bea,m very precisely, an economizing feature since 

beam ext,raction in the new accelerator could then be limited to only one point, a novel 

feature for a synchrotron. To reduce possibile radiation damage, Wilson insist,ecl that, 

the magnets be assembled with as little epoxy as possible, since epoxy is particuhwly 

sensitive to such damage.51 

Wilson’s leadership style was calculated to encourage rapid progress; he set clear 

priorities, dominated clecision making, and sometimes made decisions abruptly. For 

example, after preliminary calculations, those working on the main ring agreed that 

the radius would need to be about 1000 meters, but expected that they would have 
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some leeway in developing the design. Instead Wilson announced that the radius 

would be exactly 1000 meters, explaining that a round number would be easier for 

everyone to remember. All discussion on the issue was t~hen suspended. As Wilson 

expressed publicly a few years later, “One soon finds that a bad decision is better 

than no decision, for even a bad decision is a basis of action and eventually it can be 

corrected.“52 

Wilson’s emphasis on action was consistent with the pioneering ethic he encom- 

tered as a boy in Frontier, Wyoming. Individualism, a passion for attacking the 

unknown, and the expectation that persistence would vanquish any obstacle became 

part of his scientific heritage while he was Lawrence’s graduate student at Berkeley 

in the 1930s. As he recently explained: “I learned from Lawrence to define what 

you want and then, da,mn, make it come out that way... you don’t think about what 

other people regard to be impossible you work as hard a,s you can you don’t 

ever say no, ever.” During World War II, Wilson experienced this ethic again at Los 

Alamos. By evoking it a,t NAL, h e was able to tap into a powerful American idiom 

to motivate his staff as they struggled to meet his demand of achieving maximum 

energy at minimal cost.53 

Other aspects of Wilson’s accelerator building style, including his celebra.tion of 

the role of the research physicist in accelerator builcling, his focus on research prior- 

ities during the design process, his dominating leadership style, and his rapid pa,ce, 

all harkened back to his graduate student years wit,11 Lawrence. As Wilson recently 
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noted: “1 had a notion about how to proceed with a design that was derived ,.. for a 

different time it came directly from Lawrence.” In that pre-professional era of ac- 

celerator building, machines were built at break-neck speed by the enthusia,stic cadre 

of experimentalists led by Lawrence, the undisputed driving force at the Berkeley 

laboratory.5” 

However Wilson’s style contrasted sharply with Lawrence’s in one important as- 

pect. Lawrence characteristically built the largest, most powerful accelerator he could 

afford. For example, as the LBL historians explain, the rectangular magnet design for 

Lawrence’s 60.inch cyclotron “was wasteful of material.” Lawrence justified its size 

simply by noting, “we can get the money for [it].” While for Lawrence, larger wa,s 

better, for Wilson, smaller was better. As Thomas Collins, a key NAL accelerator 

designer, explains: “It was Wilson’s style to whittle.” If two designs looked equally 

promising “he’d t&e the smaller one, every time.” For Wilson, a spare, clean design 

was both virtuous and aesthetically plea,sing.55 

Wilson continued to press for higher energy. When Alper Garren and Lee Teng 

designed the lattice, the arrangement of components in the main ring, they calculated 

that a 1000 meter ring filled with the new bending magnets run at 118 kilogauss, 

int,erspersed with a few quadrupole magnets, would allow 400 GeV acceleration.56 

This happy news whet Wilson’s appetite for even higher energies. In a charxteristic 

move, he pushed the goal higher: if they could stretch performance of the bending 

magnets to 22.5 kilogauss, the machine could accelerate bcarn to 500 GeV.” 

24 



To achieve his goal of maximum energy at minimal cost, Wilson aimed for the most 

compact overall dimensions of the bending magnets and simplified methods for coil 

insertion and fabrication. The NAL staff chose a high-field H-shaped magnet rather 

than the larger C-shaped magnet design in the LRL design. Also, they sized the 

magnet aperture to match beam properties, which allowed a smaller vertical aperture 

for half of the bending magnets. At Wilson’s insistence, the coil insertion was also 

novel and cost-effective. Although previous proton synchrotrons used coils that were 

mounted mechanically in the magnet core, Wilson planned to save manufacturing 

costs by using glued-in coils, inserted hot (90 degrees) and held in place in the cooled 

magnet due to the difference in shrinkage properties of copper and steel. Fabrication 

was also simplified; drawing on his Cornell experience, Wilson planned to fabricate 

both types of bending magnets (Bl and B2) and quadrupole magnets using die- 

stamped laminations that were aligned and mounted in self-supporting girders.“8 

The use of pared-clown magnets was inherently risky, since larger magnets produce 

higher fields more reliably. But the simplifications bought considerable sa,vings. Cost 

estimates later that year showed that although the NAL design called for almost 

twice the number of main ring magnets needed in the LRL design, the I,RL magnets 

required almost 10 tons more steel per magnet and cost a t,otal of almost $6 million 

more.‘s 

Ot~her cost-cutting features in NAL’s main ring design, as presented to the AEC 

on schedule in January 1968, included a smaller and less expensive tunnel with no 
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cranes or air conditioning. In addition, although previous accelerator magnet,s were 

secured with caissons, Collins had designed the magnets to sit on glacial till. Wilson 

planned to align magnets using a controversial system of stretched wires. While the 

LRL group had allowed 7 years for construction, Wilson planned to cut personnel 

costs by completing the accelerator by June 1972, in just four and a half yeus. As 

Ramsey later explained, Wilson took risks on about 20 aspects of the design, saving 

about $5 million per risk. “We knew something would fail,” he noted, “but we figured 

it would be much less expensive to fix the failure than to play it safe with all 20 items.” 

Critics disagreed, insisting that Wilson had taken unacceptable risks, considering the 

cost a,nd importance of the project.@’ 

The streamlined NAL design was tailored to the funding environment. In early 

1968, physics funding, which had been rising steadily since the end of World Wa,r II, 

had reached a plateau; high energy physics funding wa,s 40% below that projected 

by the AEC in 1965. Although the AEC Commissioners, who had just finished their 

annual budget request, realized that the funding environment would not improve in 

the next year, Congress still expected an expandable accelerator. Both the Commis- 

sioners and JCAE were inclined to support Wilson, since both groups had sponsored 

initial funding and therefore had a political stake in the project. Wilson strength- 

ened the support of both group by presenting a design for a $248 million 200 GeV 

accelerator expandable to as much as 500 GeV.” 

Despite criticism of his design, Wilson also found acceptance within t,he physics 
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community by early 1968. By this time Wilson ancl his deputy director, Edwin Gold- 

wasser, had successfully recruited a staff with a wide range of expertise. Recruit- 

ment was easier than usual because MURA had been disbanded and funding was 

running low at both the Cambridge Electron Accelerator (CEA) and the Primeton- 

Pennsylvania Accelerator (PPA). At W’l 1 son’s insistence, the AEC had granted ap- 

proval authority to a local AEC office, to avoid red tape and expedite construction. 

With the necessary staff, URA, AEC, ancl JCAE approval, and streamlined federal 

administrative procedures, Wilson was poised to build the world’s most powerful 

accelerator, his way.“’ 

3.2 Modeling the Main Ring: An Academic Start, early 
1968-mid-1969 

Building an accelerator typically follows the st,andard stages of a large construction 

project. After preliminary designing, the primary focus is model building, in which 

aspects of the design are built (often in miniature) t,o test basic characteristics. 63 After 

refinements in design, prototypes are construct,ed to t,est full-size components. Then, 

following further development, construction specific&ions are frozen and building 

begins.“4 

In the main ring group model building dominated attent,ion until mitl-1969. One 

distinctive feature was the early building of full-size models (either prototypes 01 

structural models) out of easily constructed materials to check overall dimensions. 

The pract,ice encouraged the holistic approach that Wilson favored, because full-sized 
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models helped staff members envision how parts fit together and anticipate fabrication 

problerns.s5 

Although Wilson influenced main ring decision making during this period, the 

pace and tone was set by Frank Shoemaker, a veteran accelerator builder on leave 

from Princeton, known for his careful, deliberate style. The accelerator theory group, 

led by Teng throughout the construction years, also aided in the conceptual design of 

the ma,in ring, computer modeling of the performance of accelerator components, and 

interpretation of measurements of accelerator properties. A technical servic~es group, 

under Henry Hinterberger, provided engineering support as well as machine shop and 

drafting services.s” 

Shoemaker, like the other group leaders, was faced with a lack of facilities. Since 

the Oak Brook o&es could not accommoda,te either model-building or computing 

and the space was not available on site, the new laboratory had to rely on other 

institutions. The first models of a vacuum chamber and the two-foot H-magnet were 

constructed at the Physical Sciences Laboratory in the former MURA headquarters at 

the University of Wisconsin. Most of the early magnet models were built and tested 

at Argonne National Laboratory (ANL). Computer modeling for beam dynamics was 

done using a data telephone link to New York University (NYU) or at ANL.sr From 

mid-1968 to mid-1969 the main ring group built and tested both prototypes and 

structural magnet models. In February 1969, a model of a se&on of the main ring 

tunnel was installed in the recently completed sho,p, run by professional model-maker 
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Jose Paces; the section was complete with full-scale mockups of magnets, vacuum 

system, and water and power connections.ss 

Since land and construction funding took longer to acquire than anticipated, Shoe- 

maker still faced the problem of finding inexpensive, easily constructed work space 

when the group moved onto the site. To continue work on the magnets and begin 

on the vacuum system, the main ring group purchased and installed in June 1968 an 

inflatable building, dubbed the “air building.” The series of problems that developed 

with this building demonstrates the difficulties faced by the NAL staff when working 

in the frontier-like atmosphere of the new laboratory. In August a portion of the vac- 

uum chamber model had to be extended through a hole since the structure was not 

long enough to house the entire unit. Then, on one windy day, the building collapsed, 

fortunately causing no damage. The Illinois winter brought additiona, problems. The 

group discovered that the building st.ayed only 30 degrees Falrrenheit~ wxmer than l.he 

ambient temperature instead of 50 degrees, as advertised by the manufxturer. Only 

the installation of gas heaters prevented freezing temperatures inside the building. 

Although Shoemaker hoped to replace the air building with a more substantial metal 

structure by the next summer, the group used the air building until early 1970 due 

to the continued shortage of funding and space. By this time the group, which was 

gearing up for full-scale magnet production, had spread to several buildings on site.s’ 

The design of the vacuum system also advanced in this period. After the model 

built at the University of Wisconsin was reassembled in the air building, work began in 
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summer lYG8 on the development of a fixture for welding together flanges of adjacent 

magnets. Since it wa,s assumed that occasionally magnets would need replacement, 

Walter Pelczarski developed a clever, efficient means for cut,ting apart these flanges, 

an innovation that would later prove to be much more useful than anyone imagined 

at the time. By September the 50-foot vacuum model had been equipped with small 

ion pumps and the hardware necessary to isolate the straight sections and tests had 

begun of various roughing systems. In Ma,rch 1969, a month after the mockup vac- 

uum system was set up in the model tunnel, the vacuum chamber model performed 

as expected during pulsed-field magnetic measurements using digital recording and 

analyzing equipmcnt.70 

Meanwhile, arrangements were being made for an innovative magnet power supply 

system designed by engineer Richard Cassel. Previous large proton synchrotrons had 

used motor-flywheel generator sets to provide the necessary slowly pulsed current from 

ordinary 60.Hertz alternating current power. In contrast, the NAL design employed 

power supplies that were equipped with solid-state, controlled-thy&or rectifiers. 

This system, one of the first computer control systems for accelerator magnets, was 

controlled by program-activated firing circuits that determined the shape of the power 

cycle delivered to the magnets. Another unusual feature of the power supply wa,s the 

energy storage system. After studying and costing the conventional method of local 

storage, they decided to use the Commonwealth Edison Company’s network as a 

power storage system, pumping electrical energy from the grid during the rise of the 
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guide field a,nd pumping it back when the field fell.71 

By spring 1969, the “protomain”- a prototype of the tunnel huge enough to 

contain one complete cell, consisting of eight bending magnets and two quadrupoles 

had been built and the final lattice design had been refined. The design for long 

straight sections was modified to standardize the quadrupoles and the design of the 

medium straight sections was simplified to reduce cost. The group was ready for the 

prototype stage.” 

Despite the group’s accomplishments, some felt the main ring effort had been 

too relaxed in the 1968 to mid-1969 period. Ernest Malamud and Ryuji Yamada 

remember that the main ring effort had an “academic” atmosphere, which seemed at 

odds with Wilson’s stress on speed and economy. Malamud notes: “We spent endless 

hours philosophizing.” Visible progress in other groups added pressure; in April t,he 

linac group accelerated the laboratory’s first beam with the prototype preaccelerator 

and construction was underway on the linx building and the boost,er enclosure.‘” 

Just as Wilson was beginning to worry that the main ring effort would lag the rest 

of the project, Shoemaker announced he would return to Princeton. Wilson seized 

this opportunity to redirect the main ring group. In an irregular move, he appointed 

himself as Shoemaker’s successor. To help alleviate the a,dministrative burden of 

simultaneously acting as laboratory clirector and a group leader, he formed a main 

ring management “troika,” mcluding Malamud, Cassel, and Hinterberger.74 
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3.3 The First Flush of Success: Mass Production, Proto- 
types, and Filling the First Superperiod, mid-1969-mid- 
1971 

Although the standard procedure called for freezing the design aft;er prototyping 

began, Wilson injected fresh design ideas as part of a laboratory-wide campaign 

against “heavy-footed over-design.” This campaign lasted until the first production 

dies were made and stamping had begun. A July 1969 memo boldly celebrated taking 

risks: the “money and effort that would go into an overly conservative design might 

better be used elsewhere.... Failure should be designed into a successful machine.... 

A major component that works reliably right off the bat is, in one sense, a failure-it 

is over-designed.“75 

Thus inspired, the main ring group made numerous design changes from May to 

December 1969 to simplify or lower the cost of the main ring ma~gnets. For example, 

a more compact design of both quadrupole and bending magnets was devised, the 

magnet water and power manifolcling was streamlined, a,ncl the group developed a new 

method of bending magnet coil fabrication in which inner coils and outer coils were 

constructed separat,ely. In this way, outside manufacturers could continue fabricating 

outer coils, while the more exacting inner coil window frame fabrication could proceed 

under the supervision of NAL staff.‘s Other aspects of main ring design were also made 

more economical: the water and power distribution system inside the tunnel and the 

welded joints in the vacuum system were simplified and, to replace the expensive a,nd 
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awkward stretched wire system used to help align the quadrupoles, a survey system 

was developed that used a laser beam. 77 

Wilson’s pressure for a spare, clean design is reHected in magnet modifications 

made in May 1969 by Hinterberger, who, as Wilson recently noted, had a sense of 

designing that was “both elegant and economical.” In the 1968 design, the steel yokes, 

which were made of thousands of thin laminations, were secured with a steel I-beam. 

When the 20.foot structural models were built according to two alternate designs 

using this plan, they sagged. Hinterberger realized they could solve the problem by 

inserting angle-girders around the four outside corners of the magnet, eliminating the 

I-beam. He remembers “pointing out that the laminations themselves” could secure 

the yoke because “the structure was strong enough to support itself.” In this “box 

girder” design, the iron laminations weighed less and magnetic properties improved 

because the girders became part of the magnetic Hux return circ:l~it.i8 

Engineers, as well as physicists, could live up to Wilson’s ideal of an accelerator 

huilder. Two engineers in the troika, Cassel and Hinterbergcr, played key roles in the 

main ring design. William Hanson, who headed the magnet factory, and Ant,hony 

Glowacki, who designed the magnet water cooling system and made other key con- 

tribLltions to the construction of the main ring, also were engineers. However, these 

engineers were unlike LRL’s specialists or CERN’s semi-autonomous technological 

perfectionists, for Wilson’s nonspecialized building style required workers who could 

blend skills from engineering, research physics, and accelerator science. 
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The possibilities of Wilson’s nonspecialized approach to accelerator building are 

illustrated by Yamada’s successful eifort to boost the capability of the accelerator 

from 400 to 500 GeV. Although in late 1969, the accelerator theory group considered 

the prevailing bending magnet design, which yielded a 18 kilogauss field, to be an 

optimal design, Yamada, then a young experiment&t, reassessed the calculations 

to see if a higher field could be achieved. Assuming the role of theorist, he explored 

alternate calculations of design. Assuming the role of t,he engineer, he then decided 

how the new design should be fabricated. Next, assuming the role of the accelerator 

physicist, he constructed a short model based on his calculations, made magnetic 

measurements of the model, and plotted the data. He then repeated the process, 

creating a further revision based on the results, and after many iterations emerged 

with a new, tapered design in which the decrease in the magnetic field at the edge of 

the magnet was offset, by saturation effects due to the shape of the pole tips.7” 

Yamada’s approach proved remarkably effective. In a December 3 staff meeting 

Wilson noted that the resulting “pole shape was very similar to the ideal pole shape 

worked out many years ago by H. A. Bethe.” Wilson later concluded that Yamada’s 

improvement, which depended on the earlier decision to place the coils inside the 

gap, was “one of the biggest innovations” of the entire accelerator. By December, 

calculations predicted t,hat the field shape with Yamada’s design would be “acceptable 

without further correction up to 21 kilogauss....” In the next few months tests showed 

that the magnets were in fact good at fields up to 22.5 kilogaussso 
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Wilson’s focus on economy continued to suit the times. As historian Spencer 

Weart explains, if all figures are adjusted to reflect 1972 dollars: “Federal support for 

physics peaked at about $350 million in 1967 and was only 70 percent of this in 1975, 

rising only a little thereafter.” In this funding environment, the laboratory consis- 

tently received smaller allocations than requested. In 1968, the laboratory requested 

$75 million, battled against a $7.1 million allocation, and received $14.7 mil1ion.s’ 

In 1969, the laboratory requested $102 million and received $70 million. Although 

formal approval for the entire budget was obtainined in July 1969, in early 1971 NAL 

had still had not received $93 million of its construction budgets’ Although there 

was little threat at this point that funding would be terminated, limited allocations 

forced Wilson to economize in order to keep the entire project under construction. In 

addiCon, cost overruns would have made the project unpopular in Washington and 

likely have jeopardized future funding. 

Wilson used the budgetary limitations to help justify tactics aimed at obta,ining 

optimum efficiency from his staff. He insisted that the project could not be completed 

within the budget if time was wasted. To add to the pressure, he made goals more 

ambitious or shortened the deadlines whenever possible. For example, when Wilson 

became main ring group leader in 1969, he advanced the deadline for the installation of 

main ring components from 1 January 1972 to I July 1971. The stress from ambitious 

schedules was augmented by the constant risk taking, primitive working conditions, 

and the pressure t,o find further economies. Accelerator theorist *James Maclachlan 
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remembers that Wilson explicitly reinforced the mythic image of t,he effort by using 

terms such a,s “heroic” and “adventure” to describe their task. “Sometimes it felt like 

a search for the holy grail.“s3 

Observations by the CERN historians place Wilson’s style in an international per- 

spective. When analyzing why CERN in the 1950s and 1960s lagged behind American 

high energy physics laboratories, they note that a great gap separated the CERN en- 

gineering staff, with its focus on technological perfection, and staff physicists, who 

urgently needed “an ‘imperfect’ piece of equipment ready at the right moment” rathei 

“than a ‘perfect’ one ready when the dust of the battle had set,tled.” They argue that 

in the U.S. this gap closed sometime between the 1930s and 1960s due to a peculiarly 

American process, a “profound symbiosis previously unknown in basic science, a fu- 

sion of ‘pure’ science, technology, and engineering.” They then describe “a new kind 

of researcher” who so~mcls much like Wilson’s idcal scientist, someone “who can be 

described at once a,s a physicist, i.e., in touch with the evolution of the discipline and 

its key theoretical and experimental issues,” who is also a “conceiver of apparatus, 

a,nd engineer, i.e., knowledgeable and innovative in the most advanced techniques.... 

and entrepreneur, i.e., capable of raising large sums of money, of getting people with 

different expertise together, of mobilizing several kinds of human, financial, and tech- 

nical resources.“8‘i 

Rapid progress in the next year and a half displayed the power of Wilson’s stmte- 

gies. In October 1969, ground was broken for the main ring enclosure. Spurred 
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by the ambitious new deadline of having eight bending magnets and two prototype 

quadrupoles installed and operating in the protomain by 20 March 1970, the group 

forged ahead with the prototype program. They had to implement efficient ,factory 

and procurement systems and work frantically to make the other preparations for 

ma,gnet production.s5 

Large-scale industrial mass-production of magnets was both necessary for the main 

ring, which contains more than 1000 magnets, and appealing to Wilson because be 

wanted to keep the permanent NAL staff as small as possible, both as an economy 

measure and because he felt people worked more efficiently in smaller groups. How- 

ever his tendency to leave the design flexible as long as possible and his insistence on 

economy did not fit standard full-scale mass production, which requires exact spec- 

ifications that are costly to modify. This difficulty was in part overcome after the 

modification of the coil design allowed a pxtial mass production scheme to emerge 

by Decernher 1969.H” 

Economically a,ntl rapidly procuring the services and material to produce main 

ring components was no trivial task. Malamud remembers that he, Hinterberger, and 

Robert Sheldon traveled all over the world to award coil contracts, saturating the 

international market for coil manufacture. In the never-ending quest for efficiency 

and speed, Wilson devised a clever administrative gamhit. As he explained to his 

staff in 1.970, they would “give l/3 to one producer; l/3 to another; whoever gct,s 

through first gets the remaining 1/3.“s’ 
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By January 1970, arrangements had been made both for factory production 

and materials procurement and Wilson was confident enough of the group’s over- 

all progress to publicly announce to NAL users in April that the laboratory would 

“have an accelerated proton beam by mid-1971, a year earlier than the originally 

scheduled date....” He also noted that the machine could reach energies close to 500 

GeV “at reduced intensity not long after the synchrotron is brought into operation.” 

Just as magnet assembly had begun on site in May, Wilson announced a new mile- 

stone: by October 1, the group was to have the first superperiod, one-sixt~h of t;he 

main ring, ready to handle an accelerated beam. In the next four months the group 

scurried to meet this goal. By August , 200 magnets and most of the water piping and 

magnet power system had been installed in the tunnel. By the end of September, the 

milestone had been reached.ss 

At this point, the booster was partially complet.ed a.ntl the linac could xceler- 

ate protons to 139 MeV. Wilson faced a problem, however. He had until this point 

actively encouraged t,he groups working on individual components to have a strong 

group loyalty. With the whole accelerator almost ready to function, Wilson decided 

to set up a new technical challenge, to force coordination among groups and identify 

technical weak spots. The September monthly progress report announced the goal, 

dubbed Oktoberfest, of “accelerating protons to 139 Mr:V in the Linac and t,rans- 

porting them through half the Booster and into the Main Accelerator.“s’ Some were 

annoyed because the scheme caused artificial technical problems, for the components 
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were not designed for that, low an energy. In any event, Oktoberfest was not, a cam 

plete technical success. Although the 139 MeV h earn reached the main ring on 9 

October, proton intensity was too low to perform beam tests, as expected. While 

some judged the Oktoberfest as little more than an annoying stunt, others insisted 

the exercise had been worthwhile, since a large amount of equipment, was installed in 

record time and the entire NAL staff was forced to work as a team for the first time 

since the beginning of constructiongo 

The main ring group spent the next five months working feverishly to complete 

installation. By the following March 800 magnets had been installed, the water and 

power bus systems were complete at the tunnel level, and about half of the power- 

supply modules had been tested. In April, the last magnet was instatled.g1 In the 

course of installation, the group enjoyed one pleasant surprise. Advances in the 

technology of thyristors, used as rectifiers in the magnet power supply, coupled with 

unexpected savings in the cost of transformers, allowed the laboratory to install a 

power supply capable of achieving 500 GeV for less than that previously estimated 

for 200 GeV.” 

The group suffered various trials during this period that ranged from merely in 

convenient, incidents to short-lived crises. For example, me&ng notes from the in- 

stallation of the protomain reported “one black eye and several sore heads” resulting 

from the repair of water leaks that unexpectectly erupted from the power/wat,er man- 

ifolding system a,fter the magnets were in place. More distressing was wading through 
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water and mud in the main ring tunnel to install magnets in the fall of 1970. However 

installation continued, aided by portable dehumidifiers, so that no time was lost.93 

Another crisis born of haste came in late December when Malamud noticed a 

problem with magnet construction. Yamada’s tapered pole tip left an empty space, 

since the original design had been square, and the main ring group had been filling the 

space with plaster. Malamud remembers discovering that the plaster was “sopping 

wet.” Magnet production halted. The solution, from engineer Hanson, provides 

another example of the importance of engineering skill to the main ring effort. Hanson 

suggested that, the void he filled with epoxy by vacuum impregnation, a technique that 

had been used successfully on booster magnct,s. Holcling to the view that the use of 

epoxy was undesireahle because of the increased danger of radiation damage due to the 

magnet design, Wilson vehemently opposed the change. Hinterberger and Sheldon 

agreed. However, at Malamud’s suggestion, Han,son was given t,wo weeks, which 

included t.he Christmas holidays, to show that his scheme would work. Laboring da,y 

and night, Hanson set up a vacuum impregnation system capable of accommodating a 

20.foot,, 15.ton magnet. In the end, Wilson was convinced, and magnet const,ruction 

was altered to include vacuum impregnation.94 

Despite such minor crises, Wilson reported t,hat he was quite “confident” about 

the laboratory’s prospects as the mid-1971 d ea mc approached. But the laboratory dl’ 

would soon encounter technical disasters that would cast his building style into doubt 

and destroy the dream of building t,he world’s most powerful accelerator one entire 
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year ahead of schedule.“5 

3.4 Main Ring Problems, Spring 1971-December 1971 

Since so many risks had been taken, NAL and URA leaders expected aspects of the 

accelerator to fail. But they were not prepared for the traumatic summer and fall 

of 1971. Due to the tight schedule, the magnets had been installed in the midst of 

severe winter weather, which made them cold. In spring 1971, the ventilating system 

brought in humid, warm air, causing water to condense on the magnets. As a result, 

as a progress report noted, “as much as a quart of water” could be “removed from a 

wet magnet.” When the NAL staff tried in May to bring the more than 1,000 main 

ring magnets into operation under these conditions, they found, to their horror, that 

a, high percentage shorted. By summer 1971, rnaguets were failing at an alarming 

rate. Unless the magnet problems were solved, t,he entire project would fail.“’ 

NAL staff were not sure what apect of the design was causing trouble. IJsing the 

trial and error empiricism characteristic of the time-pressed wartime atomic bomb 

effort, they tried empirically, in the absence of theoretical guidance, a succession of 

improvements.g’ 

In the meantime, other difficulties surfaced, the product, of haste a,nd untried tech- 

nology. For example, M&mud identified 11 electrical and mechanical problems that 

likely interferred with main ring performance in July, including misaligned magnets, 

malfunctioning ion pumps, a piece of copper in the beam pipe, and a plastic cap found 
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in a quadrupole. i\lso, as the August progress report admitted, t,he linac and booster 

were running “with an efficiency of about 50%.” Although this figure was consid- 

ered “reasonable for such new accelerators,” linac and booster problems complicated 

main ring problem solving since beam studies could only be performed when both 

accelerators were operating well. The staff also experienced problems with power 

supplies, and with obstacles in the main-ring vaccum tube. To remove the obstacles, 

researchers first tried, unsuccessfully, to train a ferret, affectionately named Felicia, 

to drag a harness through the tube. Eventually they developed a mechanical spear 

capable of pulling a cord through 2,650 feet of vaccum tube.98 

Many disadvantages of Wilson’s style were becoming apparent. The main ring cr- 

sis caused considerable trouble for outside users, who had arranged sabbatical leaves 

to allow them to prepare experimental equipment based on Wilson’s optimistic pro- 

jections. Also, the emphasis on action often led to nonproductive cha,os. CERN, 

which was bound in ‘<a kind of conservatism, ” in the words of the CER.N historians: 

wa,s able to employ a more productive approach when crisis erupted. As Drasko Jo- 

vanovic remembers, the calm atmosphere at CERN a,llowed physicists to keep “cooler 

heads”; they shut down the accelerator and formed a coordinated effort to study the 

root of the problem. This approach facilitat.ed a methodical assessment better suited 

for solving complex technical problems. CERN physicists were al~so quick to conclude 

that NAL magnet problems revealed the superiority of their traditional ernpha,sis on 

technological perfection; as Lederman remembers, CERN officials openly glwted over 

42 



Wilson’s misfortunes. NAL’s problems also seemed to give credence to LRL and HNL 

criticism of Wilson’s design style. Wilson and Goldwa,sser remember hearing rumors 

that a campaign was being mounted to convince the URA to remove Wilson from the 

directorship.sQ 

In an attempt to rally the laboratory staff and solve the main ring problems, 

Wilson devised a new management plan, which in its flexibility and de-emphasis on 

hierarchy resembled tactics used at Los Alamos during World War II.‘oo Wilson first 

formed an Accelerat,or Section, headed by himself, merging the groups responsible for 

accelerator theory, operations, radiofrequency, and beam transfer. Next he appointed 

three “strong Managers,” J. Richie Orr, Richard L unc y, and Philip Livdahl and, 1 

in parallel, assigned each component of the accelerator to a Commissioner.” The 

Commissioners, as Wilson explained at the time, were “expected t,o identify work 

problems and to come t,o one of the Managers to get the work force to do the 

actual work ,.__” As Orr recently noted, t.h,e result.irrg work assignments focused 

the efforts of technical experts on technical problem solving, leaving organizational 

decisions to those with managerial skills. Wilson met daily with the three managers 

and other key leaders so that the eFort wa,s tightly coordinated. To further expedite 

problem solving, he pulled workers from other groups, such a,s those working on the 

experimernal areas, to increase t,he pool of those working on main ring problenxlO’ 

After 15 years, experts do not agree about the cause of the various main ring 

problems or even on their relative severity. The standard explanation for t,he mag- 
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net failures blames t,he epoxy insulation, which had been made very thin to decrease 

the possibility of radiation damage. This too thin insulation developed tiny cracks 

which allowed water to be absorbed and short the magnet. However veteran acceler- 

ator builder Collins blames the decision to glue in the coils. He concludes that the 

considerable thermal and mechanical stress that resulted from temperature cycling 

cracked the epoxy in the glued-in coils, allowing water to get in the cracks.“‘* Collins 

feels that the most central problem was that, the I31 magnets were too small, which 

caused “field quality and systematic errors.” Jovanovic susp&s the power supply 

was the major source of difficulty. The consensus is that fragmentary bookkeeping, 

inadequate diagnostic tools, and insuficient understanding of the underlying physics 

prevent a complete explanation of the problems that plagued the main ring in 19i’1.‘“3 

Whatever their cause, the problems began to abate once the three nmnagers fo- 

cused the entire laboratory on problem solving. In time much of the main ring was 

filled with reconditioned or newly built magnets that displayed a lower failure rate. 

Although some magnets still failed (and continue to fail, twenty years later), workers 

learned how to replace them quickly, a job facilitated by Pelczarski’s pipe cutting 

scheme. During the crisis, approximately 350 magnets failed, which caused 6 months 

to be lost, and about 10% (approximately $2 million) of the original cost, of the 

magnets was spent to overcome the difficulties.‘O” 
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3.5 The Triumph of Frugality: Setting the Indoor Proton 
Speed Record, Jan-March 1972 

Throughout the rest of the winter, the NAL staff made steady progress and on January 

22, 1972 produced a 20 GeV beam that seemed stable from pulse to pulse. The beam 

energy continued to rise. On February 11, a 100 GeV beam broke the world’s record 

for proton energy held by the USSR. 200 GeV was achieved on the afternoon of March 

1, 1972. Champagne was uncorked. Wilson triumphantly announced t,o the AEC and 

.JCAE that the project had come in ahead of schedule and under budget, even though 

NAL had not yet received $50 million of its construction budget.la5 

Wilson’s anncnmcement was well received in Washington for times were hard for 

large, federally fun,ded projects. That year planners of the Large Space Telescope 

decided to cut the project from $700 million to around $300 million to produce 

“a &caper, and thus politically more feasible, telescope.” To meet this go”1 they 

employed many of the budget cutting t,actics used by Wilson: stimulating compe- 

tit.ion be:tween contrxtors to lower bids, skipping the prototype phase, designing 

cost-effective components, and transfering costs from the design stage to the oper- 

ation stage. Nonetheless, in June 1974 Congress denied funding for the telescope, 

throwing the project into jeopardy.‘06 

NAL wa,s more fortunate. Not only was the project alive and well in the early 

197Os, but the laboratory and its director had become the toast of Washington. In 

1971, JCAE members joked about considering Wilson for sainthoocl. In 1972 JCAE 
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member Hosmer reassured Wilson that magnet troubles and delays didn’t tarnish “a 

bit the brilliance with which this whole effort was conceived and constructed.” All 

four experimental areas were in operation by 1974, when the laboratory was renamed 

Fermi National Accelerator Laboratory, in line with a 1969 AEC decision to honor 

Enrico Fermi. A full-scale research program was underway by 1975, with routine 

operation at 400 GeV, a beam intensity of 1.84 x 10i3, and only 28% unscheduled 

downtime. In May 1976, the first 500 GeV beam was accelerated.‘07 

Orr remembers someone sarcastically commenting that Wilson’s efforts in early 

1972 were merely aimed at “trying to set the indoor proton speed record.” The 

laboratory’s next challenge would be to prove that a successful experimental program 

could be established with the resources born of frugality.‘OR 

4 Conclusion 

Ironies proliferate in the Fermilab story. The big scientists who built accelerators, 

like those who built telescopes at NASA, were forced to think small in the 1960s as 

large federally funded projects grew much larger. Although LRL lost the 200 GeV 

machine, NAL was built in a Lawrencian style. And the new value of the egalitaria,n 

TNL took its research model from wartime Los Alamos, a military laboratory which 

inlluenced Fermilab by its flexible institutional structure. 

Every aspect of planning and building the 200-500 GeV-range accelerator re- 

sponded to funding considerations. The machine’s unprecedented expense in, the 
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worsening funding environment meant that only one large accelerator could be built. 

Consequently, unified support from the physics community was crucial in obtaining 

a federal commitment to fund the project. But obtaining such support required ad- 

dressing the demand for fair access to the accelerator by the nation-wide community 

of experimentalists, as well as the complaints of Midwestern physicists, who felt that 

their region had been unfairly deprived of a first-class accelerator. The accelerator’s 

price tag also attracted the attention of the publics and politicians. In the t,ense en- 

vironment in 1965, the URA, a unique, nationally-based management organization, 

was established to ensure equitable access to outside users. A nation-wide site con 

test doomed the hopes of LRL physicists t,o continue its glorious acc~elerator-building 

tradition into the next decade. 

The new management, the novel siting arrangement and, above all, continued 

budgetary pressure, provided a climate receptive to an accelerator-building style pre- 

viously used only for smaller machines. After Lofgren declined to lead the project, 

URA members offered the job to Wilson, a leader not only willing to accept the site 

and budgetary constraints, but with a reputation for building accelera~tors ahead of 

schedule and under budget. Faced with a continuing tight budget during 1967.1972, 

Wilson introduced the value of frugality into accelerator building; transforming it into 

a virtue, he motivated and brought cohesion to his staff. Tight deadlines, primitive 

working conditions and goals set just beyond reach, turned the job of building the 

accelerator into an adventure. Taking risks to save money became a celebrated activ- 
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ity. Wilson’s building style proved flexible enough to accommodate nmss production 

and institute necessary organizational changes. This style allowed meeting the goal 

of producing maximum capability at minimal cost while maintaining the aest,hetic 

preference for a spare design. 

The main ring magnets provide a clear illustration. Using a separated function 

lattice, modified window frame coil construction, Kshaped bending magnets, and 

tapered pole tips, the NAL staff achieved high fields with impressively compact, and 

therefore inexpensive magnets. Simplified fabrication and coil installation procedures 

gained further savings as did coils having fewer turns. The design, with its box-girder 

laminations and compact H-shape, had &an, graceful lines. However the risk of the 

pared-down magnets was augmented by other risks, which in some cases, compounded 

each other. For example, restriction on the use of epoxy, made necessary by the risk of 

placing the coils close to t,he beam, led to thin, easily c,racked coil insulation, the likely 

cause of widespread magnet failures that brought on a year-long crisis, threatening 

the entire project. 

Few would characterize Fermilab’s main ring as an elegant, precision instrument, 

for its minimal magnets have relatively poor field quality and need to be replaced 

periodically. Interruptions in the operation of the machine introduce uncertainty in 

scheduling experiments. Also, the accelerator costs more to run than it would have if 

the init,ial investment in copper had been greater. Due to escalating electricity costs 

since the mid-1970s this disadvantage has been grea.ter than anticipated. However, 
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despite these drawbacks, the main ring, as well as the booster and linac, did function 

as a world class accelerator at almost twice t,he expected energy. 

Wilson met the challenge of building a workable $250 million 400 GeV accelerator 

by drawing on a nexus of traditions trial and error empiricism, the pioneer of the 

American West; the ebullient, home-grown, combined engineer-scientist-industrialist; 

and flexible family-style organization. As a graduate student under Lawrence at 

Berkeley in the 193Os, as a group and division leader under Oppenheimer at Los 

Alamos in the 194Os, and as director of NAL in the 1960s and 1970s Wilson experi- 

enced how each of these laboratories drew on this American research tradition. All 

three were new institutions formed in response to conditions in their times. All three 

arose from the ambitions, dreams and sense of urgency of their strong charismatic 

leaders who were also their founders. All pressed for speedy progress.‘sg The orga- 

nizations, not yet rigidly definecl, were able to respond flexibly and quickly t,o crisis 

and change. All three operated in the shadow of ext,ernal crisis too little money in 

the case of the Radiation Laboratory and NAL, a,nd a, war in the case of Los Alarnos 

which set constraints that helped to define, consolidate, and motivate the efforts. 

All shared a sense of adventure and optimism that the impossible c~oultl be c~onquered 

and that the search would be pleasurable, feelings that resonated with the American 

pioneering ethic. The workers were, on the whole, young, relatively inexperienced 

and multitalented scient,ists; who had not yet made a commitment to any particuhn 

approach or scheme of organization. 
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The distinctly different environment at Lawrence Radiation Laboratory in the 

early 1960s shows the range of the American xcelerator building repertoire. LRL 

was an established laboratory with a set institutional structure, a laboratory led by 

a second director struggling to follow in the footsteps of Lawrence. The workers were 

well-seasoned experts with defined specialties and a sense of commitment to shared 

values and techniques of the profession. In the 1950s such a laboratory had major 

advantages; the institutional structure, the collection of experts, and the availability 

of money helped when pathbreaking technical developments were needed. Also, its 

tradition off excellence and reliability was valuable in a time when basic research 

money went to those with high reputation, especially those who, like LRL researchers 

in the 1950s made contributions to national defense. Many of these factors turned 

to disadvantage in the 1960s when the established laboratory faced the problem of 

it,s own inertia in adapting to a cha,nged external context. The lack of money, the 

TNL philosophy, an,d the geographical distribution of research funding all llew in 

the face of the established LRL tradition. By this time, LRL wa,s no longer being 

supported for defense reasons. Maintaining a reputation and a grand tradition had 

become too heavy a burden to bear in those turbulent, times; the 1950s LRL approach 

to accelerator building was eclipsed. 

A final irony would become evident in the latter part of the 197Os, when Wilson’s 

legacy of frugalit,y threatenecl to undermine the very program that, Fermilab was built, 

to conduct. The ideal that. small and less a,re beautiful did not in the 1970s and 1980s 
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fit the needs of either t,he physics or the technology programs (like developing super- 

conducting magnet accelerators). Celebration of the srnal,l quickly done clever effort 

by a nonspecialist did not prepare researchers for the expensive, time-consuming, 

meticulous, larger-scale experiments that would characterize particle physics research 

in this later period. CERN, which had suffered in the 1960s from the disadvantages 

of a tradition favoring slow, careful, methodical administrative and technical decision 

making, had the advantage in the 1970s and 1980s. Fermilab’s outside-user focus, 

necessary in the earlier part of laboratories history, also became a disadvantage in 

the mid-1970s. The more complex experiments of this era would have been easier to 

implement had the laboratory been able to offer the support of stronger inside groups 

like those at SLAC, which was organized before pressure grew for a TNL. By the 

IYSOs, Fermilab’s leaders were aga.in examining dheir repertoire for alternate ways of 

building and using accelerat,ors. 

51 



Foot notes 

1. This material is based upon work supported by the National Science Foundation 

under Grant No. Dir-90 15473. The Government has certain rights in this material. 

Any opinions, findings, and conclusions or recommendations expressed in this material 

are those of the authors and do not necessarily reflect the views of the National Science 

Foundation. 

All interviews and documents are located in Fermi National Accelerator Labora- 

tory History Collection, Batavia, Illinois, unless otherwise noted. The following ab- 

breviations are used: DOE Archives, (United States Department of Energy Archives, 

Germantown, Maryland); Green Papers, (files of G. Kenneth Green, Brookhaven Na- 

tional Laboratory, Upton, New York); LBJ Library (Lyndon Baines Johnson Libmry, 

Austin, Texas); LBL, (Lawrence Berkeley Laboratory, Berkeley, California), LBL 

Archives, (Lawrence Berkeley Laboratory Archives, LBL); Lofgren Papers, (files of 

Edward J. Lofgren, LBL); Malamud Papers (files of Ernest Malamud, Fermi National 

Accelerator Laboratory, Batavia, Illinois); M&ill an Papers, (files of Edwin McMil- 

lan, Lawrence Berkeley Laboratory Archives); Mills Papers, (files of Frederick Mills, 

Fermilab, Batavia, Illinois); Salsig Papers, (files of William Salsig, LBL Archives); 

Seaborg Papers, (files of Glenn T. Seaborg, LBL). 

2. For an account of political considerations in the history of Fermilab, see Anton 

J. Jachim, Science Policy Making in the United States and the Batavia Accele~rator 

(Carbond&, Ill., 1971). A comparison of the history of Fermilab a,nd the Japanese 

52 



xcelerator laboratory KEK can be found in Hoddeson, “Establishing KEK in Japan 

and Fermilab in the US: Internationalism, Nationalism and High Energy Accelerator 

Physics During the 196Os,” Social Studies ofScience, 13 (1983), pp. 1-48. Participant 

accounts include M. S. Livingston, Early History of the SOO-Ge I/ Accelerator (Batavia, 

Ill., 1968) and N. F. Ramsey, “History of the Fermilab Accelerator and URA.” The 

subject is also covered in Theodore J. Lowi and Benjamin Ginsberg, P&&de (New 

York, 1976). 

3. For an overview of particle physics in the 195Os, see L. Brown, M. Dresden and 

L. Hoddeson, Pions to Quarks (Cambridge, Mass., 1989). Also: Robert R. Wilson, 

“Ultrahigh Energy Accelerators: Summary of a Discussion Held at Rochester, N. Y., 

August 28, 1960.” 

4. MURA was an organization of physicists from Midwest;ern universities; which 

in the 1950s and 1960s developed innovative acccelcrator systems and pressed for a 

large colliding beams accelerator in the Midwest. 

5. In a fixed-target machine, a single accelerated beam is shot against a “target” 

material. In a colliding beams machine, two accelerated beams collide against each 

other compounding their energy. 

6. For a,n account of the discovery of strong focusing, see E. Courant, “Early 

Hist,ory of the Cosmotron and AGS at Brookhaven, ” in Brown, et al., (n. 3 above), 

pp. 180.184. 

7. Sands gives credit to Marcus Oliphant and T. A. Welton for conceiving ca,scade 

53 



schemes. Hoddeson, (n. 2 above), p. 14, points out that F. Heyn and Lee Teng had 

also made similar suggestions. 

8. Quote from Matthew Sands, “Ultra High E:nergy Synchrotrons,” in Midwestern 

Universities Research Association, “1959 MURA Summer Study,” MURA Report 465, 

p. 1, LBL Library. 

9. Matthew Sands, “A Proton Synchrotron for 300 GeV,” (Pasadena, 1960), 

CTSL-10; form letter from Robert Bather and Matthew Sands, January 12, 1961: 

Sands to Robert Bather, January 30, 1961; W es a m elwew with Alvin Tollest.rup tf II t 

and Robert Walker, May 4, 1985; “A Proposal to the Atomic Energy Commission 

for the Support of the Accelerator Design-Study Progra,m of t,he Western Accelerator 

Group,” April 1961. 

10. For early planning on accelerators in the 25 to 200 GeV range at, Berkeley see 

David L. Judd, “The Development from 1952 to 1960 of Accelerator,” September 29, 

1960. Lawrence Radiation Laboratory, “Extract from LRL FYI963 Budget Submis- 

sion, submitted 4-21-61,” Lofgren Papers; Luke C. L. Yuan and John I’. Blew&t, “Ex- 

perimental Program Requirements for a 300 to 1000.BeV Accelerator,” (Brookhaven, 

N.Y., 1,961. 

11. See J. I,. Beilbron and R. W. Seidel, Lnwrence nrzd His Laboratory: A Histwy 

of the Laumnce Berkeley Laboratory (Berkeley, 1989) for a history of t,he Berkeley 

laborat,ory in the pre-World War II period. For more information on postwar fund 

raising, see Robert Seidel, “Accelerating Science: The Postwar Transformation of 

54 



the Lawrence Radiation Laboratory,” Historical !Qlldies %n the Physical Sciences, 

13:2, (1983): 376-392 and Allan A. Needell, “Nuclear Reactors and the Founding of 

Brookhaven National Laboratory,” Historicnl Studies in the Physicnl Sciences, 14:1, 

(1983): 95-100. 

12. Westfall interview with Alvin Tollestrup and Robert Walker, May 4, 1985. 

13. Edward J. Lofgren to Edwin McMillan, April 6, 1961, Lofgren Papers; Westfall 

interview with McMillan, May 16, 1984. 

14. Hayden Gordon, Edward J. Lofgren, “Notes on a Meeting to Discuss the 

Organization of a Study of a Super High Energy Accelerator,” .January 2, 1962, 

Lofgren Papers; Lofgren “C on txencc with Haworth in Washington,” September 25, f. 

1962, Lofgren Papers. 

15. The NSF convened panels in 1954, 1956, and 1958, the AEC convened pan- 

els in 1958 and 1960. U.S. Congress, Joint Committee on Atomic Energy, “High 

Energy Physics Program: Report on National Policy and Background Information;” 

(Washington D.C., 1965), pp. 85, 106. Also: appendices 2-6. 

16. At this time billion electron volts was commonly abbreviat,ed “BeV.” Since the 

project was widely known by this name, this abbreviation is used when referring to the 

project. The use of BeV in quotes ha,s also been left intact. High energy machines are 

those which accelerate particles to particularly high energies; high intensity machines 

are those which accelerate a large number of particles per second. 

17. Ibid., pp. 103-104. 

55 



18. Hoddeson interview with Norman Ramsey, 22 January 1980; Westfall inter- 

view with Edwin Goldwasser, 10 July 1985; Paul McDaniel to Maurice Goldhaber, 2 

April 1963, Green Papers; Glenn Seaborg record of conversation 17 July 1963; Lyndon 

B&es Johnson to Hubert Humphrey, 16 January 1964, Secretariat, DOE Archives, 

Box 1424. 

19. Quotes, respectively, from Dominique Pestre, “‘Monsters’ and Colliders in 

1961: The First Debate at CERN on Future Accelerators,” in Frank A.J.L. James 

ed. The &velopment of the Laboratory (London, 1989), p. 238 and Pestre “The 

Second Generation of Accelerators for CERN, 1956-1965” (Amsterdam, 1990), in 

Armin Hermann, John Krige, Ulrike Mersits and Pestre, with L. Weiss, History of 

C’E&N: Building and Running the Laboratory Volume II (Amsterdam, 1990), p. 760. 

20. Michael D. Reagan, Science and the Federal Patron (New York, 1969); Donald 

R. Fleming, “The Big Money and High Politics of Science,” Atlantic Mont&/, (Rngust, 

1965); “Ap,pendix 17, ” in U.S. Congress, Subcommittee on Research, Development,, 

and Radiation of the Joint Committee on Atomic Energy, Hearings. 89th Congress, 

First Session, p. 753. Ibid., pp. 756, 752. 

21. Robert W. Smith, The Spa,ce Telescope (Cambridge, Ma,ss., 1989) p. 66. 

22. Lederrnan used TNL as a pun on BNL, which he felt was not functioning as a 

truly national facility. Quotes, respectively, from Glenn Seaborg record of conversa- 

tion, March 2, 1964, Seaborg Papers and Leon Lederman, “The Truly National Lab- 

oratory,” in “1963 Super-High-Energy Summer Study,” Brookhaven National Labo- 

56 



ratory, AADD-6, p. 10. Also: Edward Lofgren t,o Edwin McMillan, April 6, 1961, 

Lofgren Papers. 

23. MURA’s defeat and its effect on the political background for the 200 BeV 

has been notecl by many writers, including Daniel Greenberg in Z%e Politics of Pwe 

Science (New York, 1967), J 1 scum, (n. 2 above), Lowi and Ginsberg, (n. 2 above). 

All three writers, however, ignore the major contribution t,hat outside user tensions 

played in setting this background. Westfall interview with ‘Edward Lofgren May 3, 

1984; Westfall interview with Leon Lederman, July 20, 1984; Westfall interview with 

William Wenzel, May 2, 1984; unsigned draft to Edwin McMillan, October 7, 1964, 

McMillan Papers, Box 5; William Fry to G. Kenneth Green, November 3, 1964, Green 

Papers, Box I; Fry to McMillan, October 30, 1964, Lofgren Papers. 

24. Hoddeson interview with Frederick Seitz, February 7, 1980; W. B. Fowler, 

“Meeting at National Academy of Sciences, January 17, 1965, Summary of Notes 

Taken by Theodore P. Wright,” April 13, 1965; Seitz, “National Academy of Sci- 

ences Meeting of [Jniversity Presidents, January 17, 1965,” in U.S. Congress, (n. 20 

above), pp. 8-9; Glenn Seaborg to Seitz, March 2, 1965, Secretariat, DOE Archives, 

Box 1425; Leonard L. Bacon, “Minutes of First Meeting of Board of Trustees of Uni- 

versities Research Association, Inc.,” September 16, 1965, Lofgren Papers; Atomic 

Energy Commission, “Wide Distribution Shown in AEC List of Proposals for 200 

BeV Accelerator,” July 9, 11965, press release, Seaborg Papers. 

25. Lawrence Radiat,ion Laboratory, “200 BeV Accelerator Design St,udy,” Volume 

57 



I, pp. I-5, I-8. 

26. Quotes, respectively, from ibid., pp. I-6, I-7, and XVI-l. 

27. Robert Wilson to Edwin McMiIIan, September 27, 1965. 

28. Quotes from Robert Wilson, “Some Proton Synchrotrons, 100-1000 GeV,” 

September 22, 1965. 

29. One of the meetings was hosted by the Brookhaven managing consortium, 

Associated Universities Incorporated (AUI) and held at the Biltmore Hotel in New 

York City on January, 15, 1965. The other was hosted by the AEC and held in 

Washington on January 24, 1965. Glenn Seaborg, “Meeting of Board of Trustees, 

Universities Research Association, Inc.,” December 12, 1965, Seaborg Papers; Fred- 

erick Seitz to Norman Ramsey, December 14, 1965; Seaborg, “Meeting of Board of 

Trustees, IJniversities Research Association, Inc.” December 12, 1965. 

30. Doris Kearns, Lyndon Johnson and the Amwican Dream (New York, 1976), 

p. 296; Smith, (n. 21 above), p. 72. 

31. Edward J. Lofgren, “On the Costs of an Accelemtor With Reduced Initial Ca- 

pabilities,” December 13, 1965, Lofgren Papers; Lofgren to Paul McDaniel, December 

14, 1965, Lofgren Papers. 

32. Glenn Seaborg to Frederick Seitz, March 2, 1965; Seaborg, Diary, TS, Septem- 

ber 1, 1965, Seaborg Papers; Seaborg to Frederick Seitz, September 13, 196.5, Seaborg 

Papers; Site Evaluation Committee, “The Report of the National Academy of Sci- 

ences’ Site Evaluation Committee.” March 1966. 

58 



33. John E&wine, “Summary of Proposers’ Written and Oral Commitments 

Re the 200 BeV Accelerator Project,” July 25, 1966, Secretariat, Box 7741, DOE 

Archives; Glenn Seaborg, record of conversation, July 13, 1966, Seaborg Papers; 

Henry Traynor to Seaborg, James Ramey, Gerald Tape, July 29, 1966, Secretariat, 

Box 7741, DOE Archives. 

34. Although the Commissioners acknowledge that choosing a Midwestern site was 

responsive to prevailing pressures, they all insist that they would not have c,hosen a 

Midwestern site unless they sincerely believed it possessed superior qualities. Despite 

continued assertions, many feel that the Commission did not make the decision. These 

arguments are refuted in Westfall, “The Site Contest for Fermilab,” Physics Today, 

42 (1989): 44-52. Westfall interviews with Glenn Seaborg, February 4, 1983 and 

February 16, 1984; Westfall interview with Gerald Tape, November 21, 1986; Westfall 

interview with James Ramey, November 21, 1986; Westfall interview with Samuel 

Nabrit, October 6, 1987; Westfall interview with Bernard Waldman, February 4, 

1983; Seaborg record of conversation, December 7, 11966, Seaborg Papers. 

35. Quote from Edward Lofgren t,o Norman Ramsey, January 12, 1967, Lofgren 

Papers. Also: Universities Research Association, “Proposal for Continuing Studies 

for a 200 BEV Accelerator Facility,” December 23, 1966; Norman Ramsey to Edwxd 

Lofgrcn, December 30, 1966, Lofgren Papers. 

36. Wilson officially accept,ed the directorship on March 1, 1967. Robert Wilson 

to Norman Ramsey, March 1, 1967. Also: Boddeson interview with Norman Ramsey, 

59 



February, 26, 27, 1980; Westfall interview with Edwin Goldwasser July 10, 1985. 

37. R,obert Wilson, tape recording, “1967 Berkeley Meeting” Glenn Seaborg, 

Diary, TS, January 16, 1967, Seaborg Papers; Hoddeson interview with Norman 

Ramsey, February 26,17 1980; Westfall interview with Denis Keefe, Glen Lambertson, 

and Jackson Laslett, December 22, 1986. 

38. Quote from Glenn Seaborg, Diary, TS, February 14, 1967, Seaborg Papers. 

Also: Seaborg, Diary, TS, February 14, 1967, Seaborg Papers; D. Keefe, “Report on 

Meeting Between LRL Personnel and the Atomic Energy Commission,” February 14, 

1967, McMillan Papers, Box 2; William S&g, D. G. Eagling, J. A. Burt, E. Eno, R. 

0. Haglund, F. M. Johnson, W. Popenuck, H. A. Wollenberg, “Prel,irninary Estimate 

of Cost Differentials Between the Weston Site and the Reference Site (Sierra) for the 

Design Study Accelerator,” February 6, 1967, Salsig Files. 

39. Quotes from U.S. Congress, Joint Committeeon Atomic Energy, United States 

Congress, Hearings. 90th Congress, First Session, (Washington D.C., 1967), pp. 97. 

Ibid., pp. 22-394. 

40. Ibid., pp. v, 24-28, 31-32, quote from p. 24. Also: Al A. Garren, Glen 

Lambertson, Edward Lofgren, and Lloyd Smith, “Extendible-Energy Synchrotron,” 

N~nclear Instruments and kfethods 54 (1967): 223. 

41. U.S. Congress, Joint Committee on Atomic Energy, “Atomic Energy Com- 

mission Authorizing Appropriations, FY 1968,” 90th C on g ress, First Session, (Wash- 

ington D.C.: GPO, 1967) pp. 36, 57-59; Lyndon Johnson to Glenn Seaborg, July 26, 

60 



1967, Seaborg Collection, Box 170, DOE Archives. 

42. Westfall interview with Robert Wilson, May 25, 1987. 

43. Quotes, respectively, Robert Wilson, “My Fight Against Team Research,” 

Daedalus, (Fall, 1970): 1086; Westfall interview with Robert Wilson, May 25, 1987; 

and Dominique Pestre a,nd John Krige, “Some Thoughts on the Early History of 

CERN,” in Peter Galison and Bruce Hevly eds., Sig Science: Tlze Growth of Large- 

Scale Research (Stanford, 1992), p. 95. 

44. Hoddeson interview with Robert Wilson, January 23, 1981. 

45. The later addition of a ring of superconducting magnets would then allow 

reaching 1000 GeV. Hoddeson, (n. 45 above), pp. 25-54. 

46. Westfall interview with Robert Wilson, April 1, 1987. 

47. Westfall interview with Edwin Goldwasser, May 15, 1987; Westfall interview 

with Robert Serber, February 24, 1986; Hoddeson interview wit,h Robert Wilson 

January 12, 1979; Don Getz, May, 1.977, untitled manuscript; Hoddeson, (n. 2 above), 

p. 20. 

48. As Heilbron and Seidel note, in the 1930s Lawrence wa,s known for inst,ituting 

“the California habit of speed.” As quoted in Heilbron and Seidel (n. 11 above), p. 

264. For a discussion of speed in reference to research at, Los Alamos, see Hoddeson, 

“The Los Alamos Implosion Program in World War II: A Model for Postwar Amer- 

ican Research,” In Proceedings of Rome Internal Confemxe on the Restructuring 

of Physical Sciences in Evrope and the United States, 19465-1960, 19-23 September 

61 



1988 (Singapore, 1989). Also: Westfall interview with Robert Wilson, April 1, 1967; 

Robert Wilson, “National Accelerator Laboratory Synchrotron,” July 23, 1967. 

49. Separate function magnets were independently proposed in late 1952 by Toshio 

Kitagaki in Japan and by Milton White at Princeton after they realized that intermit- 

tent focusing is sufficient in a strong focusing accelerator. T. Kitagaki, “A Focusing 

Method for Large Accelerators,” Physical Review 89 (1953): 1161-2 ancl M. G. White, 

“Preliminary Design Parameters for a Separated-Function Machine,” Princeton, N. 

J., Mxch 3, 1953. 

50. Quote from Arie Van Steenbergen, “200.400 BeV Accelerator Summer Study,” 

July, August 1967, p. 7. The separated function magnets could achieve considerably 

higher central-orbit fields (by 15 to 20%) for the same peak fields in the aperture 

than combined function magnet,s. Francis Cole, “Progress Report on the NAL Accel- 

erator,” Pnrticle Accelerutors 2 (1971): 3. Also: Westfall interview with Denis Keefe, 

Glen Lamb&son, and I,. Jackson Laslett, December 22, 1986; and Westfall interview 

with Robert Wilson, April 1, 1987. 

51. The innovative beam extraction system was possible because of the develop- 

ment by Alfred Maschke of the electrostatic septum, which extracts protons using an 

electric field and then deflects them out of the accelerator with a magnet. This device, 

along with the long straight section, formed an extraction system with an efficiency 

of 99%, much higher than that achieved in previous accelerators. James A. Sanford, 

“The Fermilab National Accelerator Laboratory,” Annual Review of Nuclear Science 

62 



26 (1976): 169; Cole, ibid., p. 2. Also: National Accelerator Laboratory, “Design 

Report,” (National Accelerator Laboratory, January 1968), p. 5-3; Westfall interview 

with Robert Wilson, April 1, 1987; Robert Wilson, “National Accelerator Laboratory 

Synchrotron,” July 23, 1967; Robert Wilson, “Some Aspects of the 200 GeV Accel- 

erator,” presented at the VI International Conference on High Energy Accelerators, 

Cambridge Massachusetts, September 12, 1967, p. 4. 

52. Quote from Robert Wilson, “My Fight Aga,inst Team Research,” DnednJrss, 

(Fall, 1970): 1083. Also: Westfall interview with Robert Wilson, May 25, 1987; 

Westfall and Hoddeson interview with Drasko Jovanovic, November 29, 1989; Westfall 

interview with Francis Cole, March 13, 1987; and Westfall and Hoddeson interview 

with Thomas Collins, November 29, 1989. 

53. For a discussion of the pioneers ethic and how it ha,s driven American 

Technology, see Eugene S. Ferguson, “The Americawness of American Technol- 

ogy,” Technology nnd &Jtvre 20 (1979): 3-24. Quote from Westfall interview with 

Robert Wilson, May 25, 1987. 

54. Westfall interview with Robert, Wilson, May 25, 1987. 

55. Quotes, respectively, from Heilbron and Seidel (n. 11 above), pp. 283, 284 

and Westfall a,nd Hoddeson interview with Thomas Collins, November 29, 1989. 

56. The lattice, refined by Collins when the components were installed, also 

contained straight sections for beam handling and rf acceleration. 

57. Westfall interview with Robert Wilson, April 1, 1987; National Accelerator 

63 



Laboratory, (n. 51 above), Report,” pp. 4-1, 5-5; Livingston, (n. 2 above), p. 21; 

Robert Wilson, “Some Aspects of the 200 GeV Accelerator,” (n. 51 above), p. 5. 

58. Bl magnets have 1 l/2 inch vertical gaps while the B2 magnets have 2 

inch gaps. The sizes are different to take into account the changing dimensions of 

the beam. Also: Livingston, (n. 2 above), p. 21; Wilson, “Some Aspect,s of the 

200 GeV Accelerator,” (n. 51 above), pp. 4-5; Ernest Malamud and James K. 

Walker, “Progress and Prospects at the National Accelerator Laboratory,” (National 

Accelerator Laboratory, December 1970,), p. 3; Westfall and Hoddeson interview 

with Thomas Collins, November 29, 1989. 

59. The LRL magnets were estimated to weigh 19,415 tons and cost $26.6 million 

while the NAL magnets were estimated to weigh 9,750 tons and cost $20.9 million. 

Lawrence Radiation Laboratory, (n. 25 above), pp. 111-9, III-lo, XVI-4; National 

Accelerator Laboratory, (n. 51 above) pp. A-4, 16-3. 

60. Quote from Hoddeson interview with Norman Ramsey, February 26, 27, 1980. 

Also: Don Getz, untitled report, May, 1977; ‘LQuestions Raised on the Design of the 

200 BeV Accelerator,” no date, Mills Papers; Lawrence Radiation Laboratory, ibid., 

p. XVI-16; National Accelerator Laboratory, (n. 51 above), pp. 16-11. 

61. Spencer Weart, “The Physics Business in America, 1919-1940: A Statistical 

Reconnaissance, ” in Natha,n Reingold, ed., The Sciences in the American Contezt: 

New Perspectives (Washington D. C., 1979) p. 328; High Energy Physics Advisory 

Panel, “The Status and Problems of High Energy Physics Today,” January, 1968, p. 

64 



38; Atomic Energy Commission, “Atomic Energy Commission Summary Notes of 200 

BeV Accelerator Briefing,” September 1, 1967, Seaborg Files. 

62. Robert Wilson to Glenn Seaborg, February 28, 1967; Iloddeson interview with 

Norman Ramsey, February 26, 27, 1980. 

63. By the late 196Os, some modeling of the accelerator, for example the design 

of the magnet lattice, was done with computer programs. 

64. M. Stanley Livingston, “Design Progress at the National Accelerator Labo- 

ratory” (National Accelerator Laboratory, June 1969) p. 1; Westfall interview with 

Ernest Malamud, March 12, 1987. 

65. Westfall interview with Ernest Malamud, March 12, 1987. 

66. Philip Livdahl, “A Brief Su mmary of Fermilab During Initial Construction 

Years,” (Fermilab, November 1983), pp. 9, 15; Francis Cole, “Monthly Report of 

Activit,ies,” February 28, 1969, p. 1. 

67. Although the accelerator theory group obtained a PDP-10 as a gift when 

the Princeton-Pennsylvania Accelerator closed, the group continued to use the more 

powerful computing facilities at NYU and ANL for many years. Westfall interview 

with James Maclachlan, November 27, 1989. Francis Cole, “Monthly Report, of Ac- 

tivities,” April 1, 1968, p. 2; Cole, “Monthly Report of Activities,” June 1, 1968, p. 

3, 4, 6; Wilson, “Some Aspects of the 200 GeV Accelerator,” (n. 51 above), p. 5. 

68. Westfall and Boddeson interview with Ernest Malamud, October 24, 1989; 

Francis Cole, “Main Ring Group Meeting,” March 27, 1968; “Montl~ly Report of 

65 



Activities,” August 1, 1968, p. 4; Cole, “Monthly Report of Activities,” September 

1, 1968, pp. 4-5; Cole, “Monthly Report of Activities,” November 1, 1968, p. 3; Cole, 

(IL 66 above), p. 9. 

69. For more information on land acquisition and funding difficulties, see Westfall, 

‘LTl~e First ‘Truly National Laboratory’: The Birth of Fermilab,” (Ph.D. diss., Michi- 

gan State University, 1988), Chapter 6. Also: “Main Accelerator Section Monthly 

Report,” December 1968; Francis T. Cole, “Monthly Report of Activities,” Septem- 

ber 1, 1968, p, 6; Hoddeson and Westfall interview with Ryuji Yamada, October 25, 

1989; “Monthly Report Main Accelerator Section,” November 1968; “Minutes of Staff 

Meeting Main Ring,” August 27, 1969; “Minutes of the Main Ring Staff Meeting,” 

January 28, 1970. 

70. Cole, (n. 67 above), p. 6; Francis Cole, “Mont,hly Report of Activities,” 

October 1, 1968, p. 3; “Main-Accelerator Section Monthly Report,” March 31, 11969, 

71. Livingston, (n. 2 above), p. 21; Westfall interview with Robert Wilson, 

February 13, 1990; Sanford, (II. 51 above), p. 165; Cole, (11. 50 above), p. 5. 

72. Francis Cole, “Monthly Report of Activities,” April 30, 1969, p. 6; Livingston, 

(n. 64 above), pp. 11, 12. 

73. Quote from Westfall interview with Ernest Malamud, October 24, 1989. Also: 

Hoddeson and Westfall interview with Ryuji Yamada, 25 October 1989; Cole, ibid.; 

Cole, “Monthly R.eport of Activities,” May 31, 1969, p. 2. 

74. Livdahl, (n. 66 above), p. 10; Westfall interview with Robert Wilson, May 

66 



25, 1987. 

75. Quotes from Robert Wilson, “Sanctimonious Memo #137,” July II, 1969. 

Also: Westfall and Hoddeson interview with Ernest Malamud, October 24, 1989. 

76. Cole, (n. 73 above), p. 5; Cole, “Monthly Progress Report,” September 30, 

1969, pp. 8, 9; Cole, (n. 50 above), p. 5; “Monthly Report Main Ring Section,” 

October, 1969, p. 2. 

77. Francis Cole, “Monthly Report of Activities,” November 30, 1969, p. 9; Cole, 

“Monthly Report of Activities,” January 31, 1970, p. 6; “Minutes of the Main Ring 

Staff Meeting,” January 7, 1970. 

78. Quotes, respectively, from Westfall interview with Robert Wilson, May 25, 

1987 and Henry Hinterberger and Robert Wilson, tape recording, June 21, 1982. 

Also: Livingston, (n. 64 above), p. 13. Also: National Accelerator Laboratory, (n. 

51 above), p. 5-l; Cole, (n. 66 above), p. 8. 

79. “Minutes of the Main Ring Staff Meeting,” December 3: 1~969; “Minutes of 

the Main Ring Staff Meeting,” December 17, 1969; Hoddeson and Westfall interview 

with Ryuji Yamada, October 25, 1989. 

80. Quotes, respectively, from “Minutes of the Main Ring Staff Meeting,” De- 

cember 3, 1969; Westfall interview with Robert Wilson, April 1, 1987; and Francis 

Cole, “Monthly Progress Report,” December 31, 1969, p. 8. Also: Cole, “Mont,hly 

Progress Report, April 30, 1970,” pp. 11-12. 

81. Quote from Weart, (n. 61 above), p. 328. Ibid., p. 327. 

67 



82. Transcript, Second User’s Meeting, December 2, 1968; U.S. Congress, Joint 

Committee on Atomic Energy, Hearings. 91st Congress, First Session, (Washington 

D.C.: GPO, 1971), p. 1214; ; and Francis T. Cole, “Monthly Report of Activities,” 

.July 31, 1969, p. 1. 

83. Quotes from Westfall interview with James Maclachlan, November 27, 1989. 

Also: Westfall and Hoddeson interview with Drasko Jovanovic, November 29, 1989; 

Westfall and Hoddeson interview with Ernest Malamud, October 21, 1989. 

84. Dominique Pestre, ‘LSome Characteristics Features of CERN in the 1950s and 

1960s” in Hermann, et al. (see note 19), p. 799. 

85. Francis Cole, “Monthly Progress Report,” October 31, 1969, p. 8. 

86. Westfall interview with Robert Wilson, May 25, 1987; “Minutes of the Main 

Ring Meeting,” December 10, 1969. F or more information on the further development 

of mass-produced magnets at Fermilab, see Hoddeson, (n. 45 above), pp. 25.54. 

87. Quotes, respectively, from Westfall and Hodcleson interview with M&mud, 

October 24, 1989 and Robert Wilson, “Notes on Talk to Employees,” June 4, 1970. 

Also: Francis Cole, “Monthly Progress Report,” December 31, 1969, p. 8; Westfall 

interview with Ernest Malamud, March 12, 1987. 

88. Quote from Robert Wilson, “Statement Made by R. R. Wilson at the Sec- 

ond Annual Meeting of the NAL Users Organization on Friday, April 10, 1970.” 

Also: “Minutes of the Main Ring General Meeting,” May 28, 1970; Francis T. Cole, 

“Monthly Report of Activities, August 31, 1970, p. 12; Cole, “Monthly Report of 

68 



Activities,” September 30, 1970, p. 3. 

89. Quote from Francis Cole, “Monthly Report of Activities,” September 30, 1970, 

p. 1. Also: Westfall interview with Robert Wilson, April 1, 1987. 

90. Westfall interview with Ernest Malamud, March 12, 1987; Westfall interview 

with Helen Edwards, March 13, 1987; Francis T. Cole, “Monthly Report of Activi- 

ties,” October 31, 1970, p. 1. 

91. “Main Accelerator Monthly Report,” October 1970; Francis T. Cole, “Monthly 

Report of Activities,” March 31, 1971, p. 1; Cole, “Monthly Report of Activities,” 

April 30, 1971, p. 1. 

92. Wilson, (n. 88 above). 

93. Quote from “Minutes of Main Ring Section Meeting on the Protomain,” March 

16, 1970. Also: Hoddeson and Westfall interview with Ryuji Yamada,, October 25, 

1989. 

94. Quote from Westfall and Hoddeson interview with Ernest Malamud, October 

24, 1989. Also: Ernest Mala,mud to Mrs. Hanson, March 7, 1980, Malamud Papers. 

95. U.S. Congress, Subcommittee on Research and Development and Radiation 

of the Joint Committee on Atomic Energy, Hearings. 92nd Congress, Second Session, 

(Washington D.C., 1972), p. 1433. 

96. Quote from Francis T. Cole, “Monthly Report of Activities,” June 31, 1971, 

p. 2. Also: Cole, “Monthly Report of Activities,” May 31, 1971, p. 2. 

97. I,. Hoddeson, P. Henriksen, R. Meade, and C. Westfall, Critical nssernbly: 

69 



A l&tory of Los Alnmos During the Oppenheimer I’enrs, 1943-1945 (Cambridge, 

Ma,ss., 1993). Francis Cole, “Monthly Report of Activities,” October 31, 1971, p. 2; 

William Hanson to distribution, October 18, 1971; Westfall and Hoddeson interview 

with Ernest Malamud, October 24, 1989. 

98. Quotes from Francis T. Cole, “Monthly Report of Activities,” August 1, 1971, 

p. 2. Also: Ernest Malamud to all members of Main Ring Section, August 2, 1971; 

“Steering Meeting,” September 23, 1971; Westfall interview with Robert Wilson, 1 

April 1987, p. 14; Francis Cole, “Monthly Report of Activities,” October 31, 1971, 

p. 3. 

99. Quote from Westfall and Hoddeson interview with Drasko Jovanovic, Novem- 

ber 29, 1989. Also: Westfall interview with J. Richie Orr, March 12, 1987; Westfall 

in,terview with Robert Wilson April 1, 1987; Westfall interview with Edwin Gold- 

wasser, May 15, 1987; Westfall interview with Leon Lederman, November 26, 1990. 

100. For more information on problem solving strategies at the wart,irne atomic 

bomb project, see L. Hoddeson, et al., (II. 97 above). 

101. Quotes, respectively, from Robert Wilson to Norman Ramsey, October 29, 

1971 and Westfall interview with J. Richie Orr, March 23, 1989. Also: Robert Wilson, 

“Formation of the Accelerator Section,” memorandum to the sta,ff, October 21, 1971. 

102. Westfall interview with Edwin Goldwasser, May 15, 1987; Westfall interview 

with Robert Wilson, May 25, 1987; Westfall and Hoddeson interview with Thoma,s 

Collins, November 29, 1989. 

70 



~103. Quote from Westfall interview with Thomas Collins, June 4, 1990. Also: 

Hoddeson and Westfall interview with Ryuji Yamada, October 25, 1989; Westfall 

interview with James Maclachlan, November 27, 1989; Westfall and Hoddeson irl- 

terview with Thomas Collins, November 29, 1989; Westfall and Hoddeson interview 

with Drasko Jovanovic, November 29, 1989; Westfall and Hoddeson interview with 

Ernest Malamud, October 24, 1989. 

104. Westfall interview with J. Richie Orr, March 12, 1987; Francis Cole, 

“Monthly Report of Activities,” February 30, 1972, p. 2; U.S. Congress, (n. 95 

above), p. 1435. 

105. When construction was completed, the project was $20 million under the 

budget. Wilson used the $20 million to support research on building a superconduct- 

ing accelerator. Hoddeson, “The First Large-Scale Application of Superconductivit,y: 

The Fermilab Energy Doubler, 1972.1983,” Historical Studies in. the Phys%cnl and 

Bio6ogicnl Sciences, 18:l (1987): 35. Also: Francis T. Cole, “Monthly Report of Ac- 

tivities,” January 31, 1972, p. 1; Cole, “Monthly Report of Act.ivities, March 1, ‘1972; 

Appendix 3 in IJ.S. Congress, (n. 95 above), p. 1731. 

106. Eventually the telescope was funded. For the story of how the project was 

saved, see Chapters 4 and 5 in Smith, (n. 21 above). Quote from p. 87. Ibid., pp. 

89, 90, 99, 100, 109, 115. 

107. Quote from U S. Congress, (n. 95 above), p. 1438. Also: C.S. Congress, .Joint 

Committee on Atomic Energy. Hearings. 92nd Congress, First Session (Washington 

71 



D.C.: GPO, 1971), p. 1196; Universities Research Association, Annual Report 1974, 

January 24~, 1975, pp. 2, 5; Atomic Energy Commission, “AK Names 200 BeV 

Accelerator in Honor of Enrico Fermi,” April 29, 1969, press release, Seaborg Papers; 

Universities Research Association, Annual Report 1975, January 15, 1976, p. 1; 

Universities Research Association, Annual Report 1976, January 1, 1977, p. 1. 

108. Westfall interview with J. Richie Orr, March 12, 1987. 

109. Continuities in personnel among the three laborat,ories included: Oppen- 

heimer, who was both at Lawrence’s laboratory in the 1930s and at Los Alamos, 

where he served as director; Wilson, who was at all three laboratories; and Priscilla 

Duffield who served a,s the director’s secretary at all three. 

72 


